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^ ! 1 Introduction 
(N. 

, Let M be an n-dimensional differentiable manifold and X{M) the Lie algebra of vector fields in M. We 

■ assume that X,Xi,. . . , Xg, Y, Z, U,V,W € X{M). It is well known that every (1, 1) tensor field ^ on a 
differentiable manifold determines a derivation A- of the tensor algebra on the manifold, commuting with 
contractions. For example, a (1, 1) tensor field B{V, U) induces the derivation B[V, U)-, thus given a (0, s) 

, tensor field /C, we can associate a (0, s -I- 2) tensor B ■ /C, defined by 

^; (B-/c)(Xi,...,x„x,y) = (z?(A,y)./c)(Ai,...,A,) 

= -/C(S(A,y)Xi,...,A,)---- 

-JC{Xu...,B{X,Y)Xs)- (1.1) 
Next, for a tensor a of type (0, 2), the operators {X Y) and Q{<t, /C)are defined by 

(A A„ Y)Z = a{Y, Z)X - a{X, Z)Y, 

Q(a,/C)(Ai,...,A„A,y) = ((A A, • /C)(Ai, . . . , A,) 

= -/C((AA,r)Ai,...,A,)---- 

-/C(Ai,...,(AA,y)A,). (L2) 

Let (AT, g) be an n-dimensional semi-Riemannian manifold. Then (Af , g) is said to be 

(a) pseudosymmetric [6] if its curvature tensor R satisfies 

R- R^ LgQ{g,R), 

where Lg is some smooth function on M, 
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(b) Ricci- generalized pseudo symmetric [5] if it satisfies 

R- R= LsQ{S,R), 
where Ls is some smooth function on M and S is the the Ricci tensor, 

(c) Ricci-pseudosymmetric [4] if on the set U = {x £ M : {S — r/n)^ ^ 0}, 

R-S = LQ{g,S), 

where L is some function on U. 

A pseudosymmetric manifold is a generalization of manifold of constant curvature, symmetric manifold 
(Vi? = 0) and semisymmetric manifold (R ■ R = 0). Deszcz et al. [7] proved that liypersurfaces in spaces 
of constant curvature, with exactly two distinct principal curvatures at every point, are pseudosymmet- 
ric. Ricci-pseudosymmetric manifold is a generalization of manifold of constant curvature, Einstein mani- 
fold, Ricci symmetric manifold (V5 — 0), symmetric manifold, semisymmetric manifold, pseudosymmetric 
manifold and Ricci-semisymmetric manifold(i? -8 = 0). Similar to pseudosymmetry condition, Deszcz and 
Grycak [?, ?, ?] and Ozgiir [15] also studied Weyl pseudosymmetric manifolds {R - C = LgQ{g,C)). In 1990, 
Prvanovic [21] studied the condition 

R-f = LQ{S'^,f), £ = 0,1,2,..., 

where T is some (0, 4)-tensor field and L is some smooth function on M. liT ~ R and £ = 0, this condition 
becomes the condition for pseudosymmetry and ii T = R and £ = 1, this condition becomes the condition 
for Ricci-generalized pseudosymmetry. 

Apart from curvatiire tensor and the Weyl conformal curvatiire tensor, quasi-conformal curvature tensor, 
concircular curavture tensor, conharmonic curvature tensor, pseudo-pro jective curvature tensor, projective 
curvature tensor are important curvature tensors in the semi-Riemannian point of view. It is interesting 
to study these curvature tensors and other curvature tensors on (A'^(fc), ^)-semi-Riemannian manifolds. In 
this paper, we study several derivation conditions on (A^(fc), ^)-semi-Riemannian manifolds. The paper is 
organized as follows. In Section 2, we give the definition of T-curvature tensor. In Section 3, we give 
examples and properties of (A'^(fc), ^)-semi-Riemannian manifolds. In Section 4, (X, X)-pseudosymmetric 
semi-Riemannian manifolds are defined and studied. Some results for X-pseudosymmetric (A^(A;), ^)-semi- 
Riemannian manifolds are given. In Section 5, {%, %, 6"^) -pseudosymmetric semi-Riemannian manifolds are 
defined and studied. Some results for (i?, 6'^)-pscudosymmetric (7V(fc), ^)-semi-Riemannian manifolds 
are given. In particular, some results for (i?, S')-pseudosymmetric (iV(fc), 5)-semi-Riemannian manifolds 
are obtained. In Section 6, the definition of C^, S'ri,)-pseudosymmetric semi-Riemannian manifold is given. 
{%, 57;)-pscudosymmctric (7V(fc), ^)-semi-Riemannian manifolds are classified. It is proved that a (R, S%)- 
pseudosymmetric {N(k), ^)-semi-Riemannian manifold is either Einstein or L = k under an algebraic condi- 
tion. Some results for C^, S')-pseudosymmetric (A/'(fc),^)-semi-Riemannian manifolds are obtained. In the 
last section, the definition of (3^, S%, S'^)-pseudosymmetric semi-Riemannian manifold is given. (2^, S-^, S^)- 
pseudosymmetric (Af(A;), ^)-semi-Riemannian manifolds are classified. 

2 Preliminaries 

Definition 2.1 In an n-dimensional semi-Riemannian manifold {M,g), T-curvature tensor [27] is a tensor 
of type (1,3), which is defined by 

T{X,Y)Z = aoR{X,Y)Z 

+ axS {Y, Z)X + a2S {X, Z)Y + a3 S{X, Y)Z 

+ a4 5 {Y, Z) QX + a5 9 {X, Z) QY + g{X, Y)QZ 

+ ayr{g{Y,Z)X-g{X,Z)Y), (2.1) 

where oq, . . . ,07 are real numbers; and R, S, Q and r are the curvature tensor, the Ricci tensor, the Ricci 
operator and the scalar curvature respectively. 
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In particular, the T-curvature tensor is reduced to 

1. the curvature tensor R if 

ao = 1, ai = ■ • • = 07 = 0, 

2. the quasi- conformal curvature tensor [31] if 

oi = — a2 = 04 = — as, 03 = ae = 0, ar = + 2ai 

n \n — 1 

3. the conformal curvature tensor C [9, p. 90] if 

ao = 1, ai = — a2 = 04 = — 05 = -, as = = 0, ar 



n — 2 (n — — 2) 

4. the conharmonic curvature tensor £ [10] if 

ao = 1, ai = - a2 = 04 = - as = 03 = 05 = 0, 07 = 0, 

n — 2 

5. the concircular curvature tensor V ([29], [30, p. 87]) if 

1 



Oo = 1, oi = 02 = 03 = a4 = as = ae = 0, 07 = — 



n{n — 1) ' 

6. the pseudo-projective curvature tensor V* [20] if 

oi = - 02, 03 = 04 = as = 06 = 0, 07 = + oi , 

n \n — 1 / 

7. the projective curvature tensor V [30, p. 84] if 

1 

Oo = 1, Oi = - 02 = - 7 -T-, 03 = 04 = OS = 06 = 07 = 0, 

(n- 1) 

8. the M-projective curvature tensor [18] if 

1 

00 = 1, Ol = -02 = 04 = -OS = -— — ■, 03 = 06 = 07 = 0, 

2(n — 1) 



9. the Wo-curvature tensor [18, Eq. (1.4)] if 



Oo = 1, Ol = - OS = - 7 — ^—rz, 02 = 03 = 04 = 06 = 07 = 0, 

(n- 1) 



10. the yV^-curvature tensor [18, Eq. (2.1)] if 



Oo = 1, Ol = - Os = 7 -T, 02 = 03 = 04 = 06 = 07 = 0, 

(n- 1) 



11. the Wi-curvature tensor [18] if 



Oo = 1, Ol = - 02 = 7 ^— — , 03 = 04 = OS = 06 = 07 = 0, 

(n- 1) 



12. the Wi -curvature tensor [18] if 



1 

Oo = 1, Ol = - 02 = - 7 -T-, 03 = 04 = as = 06 = 07 = 0, 

(n- 1) 



13. the W2-curvature tensor [17] if 



ao = 1, 04 = - a5 = - 7 — ^— — , ai = a2 = as = ae = ar = 0, 

(n- 1) 



14. the W^-curvature tensor [18] if 



ao = 1, 02 = - a4 = - — ■, ai = as = = ae = ar = 0, 

(n- 1) 



15. the W4-curvature tensor [18] if 



ao = 1, a5 = - ae = -r, ai = a2 = as = 04 = 07 = 0, 

(n- 1) 



16. the W^-curvature tensor [19] if 



ao = 1, 02 = - 05 = - - — 5——, ai = as = 04 = ae = 07 = 0, 

(n- 1) 



17. the We-curvature tensor [19] if 



ao = 1, ai = - ae = - 7 — ^— -r-, 02 = os = 04 = 05 = 07 = 0, 

(n- 1) 



18. the Wr-curvature tensor [19] if 



1 

ao = 1, ai = - 04 = - 7 — ■, 02 = as = as = ae = 07 = 0, 

(n- 1) 



19. the Ws-curvature tensor [19] if 



ao = 1, ai = - as = - - — ^— — , a2 = 04 = 05 = ae = a7 = 0, 

(n- 1) 

20. the Wg-curvature tensor [19] if 

ao = 1, as = - 04 = - — 3——, ai = 02 = 05 = 06 = 07 = 0. 
(n- 1) 

Denoting 

r(x,y,z, v) = g{r{x,Y) z, v), 

we write the curvature tensor T in its (0, 4) form as follows. 

T{X,Y,Z,V) = aoR{X,Y,Z,V) 

+ ai 5 (r, Z) g {X, V)+a2S {X, Z) g (F, V) 
+ a3S{X,Y)g{Z, V) + a^ S {X,V) g {Y, Z) 
+ 05 5 (r, l^) g (X, Z)+aeS [Z, V) g {X, Y) 
+ arrig (Y, Z) g {X, V) - g (X, Z) g {Y, V)) . (2.2) 

Notation 2.2 We will call T-curvature tensor as Ta-curvature tensor, whenever it is necessary, //oq, . . . , 07 
are replaced by bo, ■ ■ ■ ,b7 in the definition of T-curvature tensor, then we will call T-curvature tensor as 
Tb-curvature tensor. 
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3 (A^(/c), ^)-semi-Riemannian manifolds 



Let (M, g) be an n-dimensional semi-Riemannian manifold [14] equipped with a semi-Riemannian metric g. 
If 'mdex{g) = 1 then 5 is a Lorentzian metric and {M,g) a Lorentzian manifold [1]. If g is positive definite 
then g is an usual Riemannian metric and (M, g) a Riemannian manifold. 

The k-nullity distribution [25] of (M, g) for a real number k is the distribution 

Nik) : p ^ Np{k) = {Z e TpM : R{X, Y)Z = k{g{Y, Z)X - g{X, Z)Y)} . 
Let ^ be a non-null unit vector field in (M, g) and rj its associated 1-form. Thus 

where £ = 1 or — 1 according as ^ is spacelike or timelike, and 

ri{X)=eg(X,0, ^KO = 1- (3-1) 

Definition 3.1 An {N{k), ^)-semi- Riemannian manifold [28] consists of a semi-Riemannian manifold (M, g), 
a k-nullity distribution N{k) on {M,g) and a non-null unit vector field ^ in {M,g) belonging to N{k). 

Now, we intend to give some examples of (Af(fc), ^)-semi-Riemannian manifolds. For this purpose we 
collect some definitions from the geometry of almost contact manifolds and almost paracontact manifolds 
as follows: 



Almost contact manifolds 

Let M be a smooth manifold of dimension n = 2m + 1. Let (p, ^ and rj be tensor fields of type (1, 1), (1, 0) 
and (0, 1), respectively. If if, ^ and rj satisfy the conditions 

= -I + r] (3.2) 

viO = 1, (3.3) 

where / denotes the identity transformation, then M is said to have an almost contact structure {ip,^,r]). 
A manifold M alongwith an almost contact structure is called an almost contact manifold [2]. Let g he a 
semi-Riemannian metric on M such that 



givX,^Y)=g{X,Y)-eriiX)niY), (3.4) 

where e = ±1. Then {M,g) is an (e)- almost contact metric manifold [8] equipped with an (e)- almost contact 
metric structure {(p,^,r],g,s). In particular, if the metric g is positive definite, then an (e)-almost contact 
metric manifold is the usual almost contact metric manifold [2]. 

From (3.4), it follows that 

g{X,^Y) = -g{^X,Y) (3.5) 

and 

g{X,0=er,{X). (3.6) 

From (3.3) and (3.6), we have 

5(e,0=£- (3-7) 
In an (£)-almost contact metric manifold, the fundamental 2-form $ is defined by 

<PiX,Y)=giX,^Y). (3.8) 

An (£)-almost contact metric manifold with $ = dry is an {e)-contact metric manifold [24]. For e = 1 and 
g Riemannian, M is the usual contact metric manifold [2]. A contact metric manifold with ^ e N{k), is 
called a N{k)-contact metric manifold [3]. 
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All (e)-aliiiost contact metric structure (c/j, ^, ry, g, e) is called an {e)-Sasakian structure if 

{\/xv)Y = g{X,Y)i-er^{Y)X, 

where V is Levi-Civita connection with respect to the metric g. A manifold endowed with an (£)-Sasakian 
structure is called an {e)-Sasakian manifold [24]. For £ = 1 and g Riemannian, M is the usual Sasakian 
manifold [22, 2]. 

An almost contact metric manifold is a Kenmotsu manifold [12] if 

iVx^)Y = g{^X,Y)^-r,{Y)^X. (3.9) 

By (3.9), we have 

Vx^ = X-rjiX)C (3.10) 

Almost paracontact manifolds 

Let M be an n-dimensional almost paracontact manifold [23] equipped with an almost paracontact structure 
(99,^,77), where ip, ^ and rj are tensor fields of type (1,1), (1,0) and (0,1), respectively; and satisfy the 
conditions 

^^=I-r,(i,^, (3.11) 
viO = 1. (3.12) 
Let (? be a semi- Riemannian metric on M such that 

g {v>X, ^Y) = g {X, Y) - erj{X)r] {Y) , (3.13) 

where s = ±1. Then {M,g) is an {e)-almost paracontact metric manifold equipped with an {s)-almost 
paracontact metric structure {ip,^,r],g,e). In particular, if mdex{g) = 1, then an (e)-almost paracontact 
metric manifold is said to be a Lorentzian almost paracontact manifold. In particular, if the metric g is 
positive definite, then an (e)-almost paracontact metric manifold is the usual almost paracontact metric 

manifold [23]. 

The equation (3.13) is equivalent to 

g{X,vY)=g{^X,Y) (3.14) 

along with 

giX,0 = £rjiX). (3.15) 

From (3.12) and (3.15), we have 

g{^,0 = s- (3.16) 
An (£)-almost paracontact metric structure is called an {e)-para-Sasakian structure [26] if 

{Vxv) y = - gi^X, ^Y)^ - er, (Y) ip^X, (3.17) 

where V is Levi-Civita connection with respect to the metric g. A manifold endowed with an (£)-para- 
Sasakian structure is called an {e)-para-Sasakian manifold [26]. For e = 1 and g Riemannian, M is the usual 
para-Sasakiaii manifold [23]. For e = —1, g Lorentzian and ^ replaced by — ^, M becomes a Lorentzian 
para-Sasakian manifold [13]. 

Example 3.2 [28] The following are some well known examples of {N{k), S,)- semi- Riemannian manifolds: 

1. An N(k)-contact metric manifold [3] is an {N{k),^)- Riemannian manifold. 

2. A Sasakian manifold [22] is an {N{1),£^)- Riemannian manifold. 

3. A Kenmotsu manifold [12] is an {N{—1),^)- Riemannian manifold. 

4. An {e)-Sasakian manifold [24] an {N{e),^)-semi-Riemannian manifold. 
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5. A para-Sasakian rrianifold [23] is an {N{—1), S,)-Riemannian manifold. 

6. An [e)- para-Sasakian manifold [26] is an {N{—e), ^)-semi-Riemannian manifold. 

In an n-dimensional (A''(fc), ^)-semi-Riemannian manifold {M,g), it is easy to verify that 

R{X, Y)^ = ek{r]{Y)X - v{X)Y), (3.18) 

R{^, X)Y = ek{eg{X, Y)^ - v{Y)X), (3.19) 

R{^,X)^ = ek{r]{X)^-X), (3.20) 

R {X, Y, Z, = ek{ V {X) g {Y, Z) - rj (F) g {X, Z)), (3.21) 

T] {R {X, Y) Z) = k{v {X) g {Y, Z) - r] (F) g {X, Z)), (3.22) 

S{X, = ek{n - l)r?(X), (3.23) 

= k{n - 1)^, (3.24) 

S{^,0=ek{n-1), (3.25) 

r]{QX) = eg{QX, ^ = eS{X, = k{n - l)viX). (3.26) 

Moreover, define 

S\X, Y) = g{Q'X, Y) = S{Q'-'X, Y), (3.27) 
where £ = 0,1,2,... and S° = g. Using (3.26) in (3.27), we get 

S^{X, = ek\n - lYv{X). (3.28) 

Now, wc give the following Lemma. 

Lemma 3.3 [28] Let M be an n-dimensional {N{k),S,)-semi-Riemannian manifold. Then 

Ta{X,Y)^ = {-ekao + ek{n-l)a2-ea7r)f](X)Y 
+ {ekao + ek{n — l)ai + ea^ r) t]{Y)X 
+ a3S{X,Y)i + eaiT^{Y)QX 

+ ea5v{X)QY + k{n - l)a6g{X, Y)^, (3.29) 

%,{^,X)£^ = {—ekao-\-sk{n—l)a2—sarr)X + ea5QX 
+ {ekao + ek{n — l)ai + ek{n — 1)03 

+ ek{n — 1)04 + ek{n — l)ae + eaj r} rj{X)^,, (3.30) 

ra{^,Y)Z = {kao + k{n-l)ai^a7r)g{Y,Z)£, 
+ a^S {Y, Z)^ + ek{n - l)a^r]{Y)Z 
+ eag r]{Z)QY + eag ri{Y)QZ 

+ {-ekao + sk{n - l)a2 - ea-j r)r]{Z)Y, (3.31) 

V{Ta{X,Y)^) = ek{n-l){ai+a2-ha4 + as)v{X)fj{Y) 

+ as S{X, Y) + k{n - l)aeg{X, Y), (3.32) 

Ta {X, Y, V) = {-ekao +ek{n- l)a2 - ear r)r]{X)g{Y, V) 
+ {ekao + ek{n — l)ai + ea-^r) r]{Y)g{X, V) 
+ eas S{X, Y)r]{V) + eai r]{Y)S{X, V) 

+ sag v{X)S{Y, V) + ek{n - l)a^ g{X, Y)r]{V), (3.33) 
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{— efcao + ek{n — l)a2 + ek{n — 1)03 

+ ek{n — l)a^ + ek{n — l)a% — ea^ r} r]{X)(^ 
+ {ekao + ek{n — l)ai + ea-j r)X + eai QX, 



(3.34) 



S%{X,^) = {£k{n - l){ao + nai + a2 + a3 + a5 + ae) 

+ er{a4 + in-l)a7)}r]{X), (3.35) 

^Ta{^,0 = £k{n - l){ao + nai + a2 + a3 + as + ae) 

+ er{a4 + in-l)ar). (3.36) 

Remark 3.4 The relations (3.18) - (3.36) are true for 

1. a N{k)-contact metric manifold [3] (e = 1), 

2. a Sasakian manifold [22] (k = 1, e = 1), 

3. a Kenmotsu manifold [12] (k = —1, e = 1), 

4- an {e)-Sasakian manifold [24] (k = s, ek = 1), 

5. a para-Sasakian manifold [23] (k = —1, e = 1), and 

6. an {e) -para- Sasakian manifold [26] (k = — e, ek = — 1). 

Even, all the relations and results of this paper will be true for the above six cases. 

4 {%, 76)-pseudosymmetry 

Definition 4.1 A semi-Riemannian manifold {M,g) is said to be C^, '76)-pseudosymmetric if 

Ta-% = LgQ{g,%), (4.1) 

where Lg is some smooth function on M. In particular, it is said to be {R, '^)-pseudosymmetric or, in brief, 

'^-pseudosymmetric if 

R-Ta = LgQ{g,Ta) (4.2) 

holds on the set 

Ug = {xeM : {Ta)^ 9^ at x} , 

where Lg is some smooth function on Ug. In particular, if in (4.2), % is equal to R, C,, C, £, V, 
P:,, V, M, Wo, Wo*, Wi, Wi*, W2, W3, W4, W5, We, W7, Ws, Wg, then it becomes pseudosymmet- 
ric, quasi-conformal pseudosymmetric, Weyl pseudosymmetric, conharmonic pseudosymmetric, concircular 
pscudosymmctric. pscudo-projcctive pseudosymmetric, projective pseudosymmetric, A4-pscudosymmctric, 
Wo-pseudosymmetric, Wo-pseudosymmetric, Wi-pseudosymmetric, Wj* -pseudosymmetric, W2-pseudosym 
metric, Ws-pseudosymmetric, W4-pseudosymmetric, Ws-pseudosymmetric, We-pseudosymmetric, Wy-pseu 
dosymmetric, Wg-pseudosymmetric, Wg-pseudosymmetric, respectively. 
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Theorem 4.2 Let M be an n- dimensional {%,%)-pseudosymmetric (N(k),£,)-sem,i-Riemannian manifold. 
Then 

sboikao + ek{n - 1)04 + a'jr)R{U, V, W, X) + eaiboS{X, R{U, V)W) 
-2k{n - l)a3{kbo + k{n - 1)64 + brr)ij{X)T^{U)g{V, W) 
-2k{n - l)a3{-kbo + k{n - 1)65 - brr)rj{X)rjiV)giU, W) 
+saib4S^{X, U)g{V, W) + eaibzS^{X, V)g{U, W) 
+eaibQS^{X, W)g{U, V) - a^^b^ + b3)S^{X, V)7j{U)7j{W) 
-05(61 + b2)S^{X, WMU)v{V) - 05(62 + b3)S^{X, U)rj{V)r,{W) 
-2aebiS\V, W)f]{X)7j{U) - 2aeb2S\U, W)7^{X)7j{V) 
-2aeb3S\U, V)7j{X)7j{W) - 2fc2(n - l)a3beg{U, V)t]{X)t^{W) 
-2 {k{n - 1)0361 + a6(fc6o + k{n - 1)64 + 67^) r]{X)r]{U)S{V, W) 
-2 {kin - 1)0362 + a6(-A;6o + k{n - 1)65 - 67^) r]{X)r]{V)S{U, W) 
-2k{n - l)(a363 + aebe)S{U, T/)r,(X)r,(l^) 

+£ (64(fcao + fc(n - 1)04 + a7r) - ai(fc6o + fc(n - 1)64)) S{X, U)g{V, W) 
+e (65(^00 + k{n - 1)04 + 070 - ai(-fe6o + k{n - 1)65)) S{X, V)g{U, W) 
+eb&{kao + k{n - l)(o4 - oi) + 07r)5'(X, W)g{U, V) 

- s{kbo + k{n - l)b4){kao + k{n - 1)04 + arr)g{X, U)g{V, W) 

- ei-kbo + kin - l)65)(fcoo + kin - 1)04 + a7r)giU, W)giX, V) 

- ekin - l)66(fcao + kin - 1)04 + 07r).g(X, W)giU, V) 

- kin — 1) ((62 + 63)(fcao + kin — 1)04 + a7r) 

+(02 + 04)(-fc6o + kin - 1)(65 + 66) - 67r)) giX, C/)?7(y)r/(W^) 

- k{n — 1) ((61 + 63)(A;oo + A;(n — 1)04 + a7r) 

+(02 + O4)(fc6o + k{n - 1)(64 + 66) + 67r)) g{X, F)r/([/)r/(W^) 

- ((61 + 63)(-fcoo + kin - l)(ai + 02) - a7r) 

+(oi + 05)(A:6o + kin ~ 1)(64 + 66) + 67r)) SiX, V)r]iU)r]iW) 

- ((62 + 63)(-fcao + fc(n - l)(ai + 02) - a7r) 

+(01 + O5)(fc6o + kin - 1)(65 + 66) + 67r)) 5(X, U)ijiV)j]iW) 

- ((61 + 62)(-A;ao + k{n - l)(ai + 02) - air) 
+k{n - 1)(64 + 65)(oi + 05)) Six, W)'niU)'niV) 

- kin ~ 1) (fc(n - 1)(64 + 65)(a2 + 04) 

+(61 + 62)(A:ao + - l)o4 + ot?-)) giX, W)i^iU)T^iV) 
= LgieboRiU, V, W, X) + sb^SiX, U)giV, W) + eb^SiX, V)giU, W) 
+ebeSiX, W)giU, V) - ekin - l)begiU, V)giX, W) 
-kin - 1)(62 + h3)giX, U)r^iV)niW) 
-kin - l)(6i + b3)giX, V)7)iU)7iiW) 
-kin - l)(6i + 62).g(X, W)iiiU)niV) 
+ib2 + b3)SiX,U)TjiV)fi{W) 
+ (6i+63)5(X, V)ijiU)ijiW) 
+(6i + 62)5(X, W)rjiU)rjiV) 
-ei-kbo + kin - l)b5)giU, W)giX, V) 

-eikbo + kin - l)b4)giV, W)giX, U)). (4.3) 
Proof. Let M be an n-dimensional (TJi, 7b)-pseudosymnietric (A^(A;), ^)-senii-Riemanman manifold. Then 

TaiZ, X) ■ %iU, V)W = LgQig, %)iU, V, W; Z, X). (4.4) 
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Taking Z = ^ in (4.4), we get 



Ta{^, X) ■ %{U, V)W = LgQ{g,%}{U, V, W; X), 

which gives 

Ta{^, X)%{U, V)W - %{Ta{t X)U, V)W 
- %{U, Ta{i, X)V)W - %{U, V)Tait X)W 
= Lg{{^AX)%iU,V)W -TM/\X)U,V)W 
-%{U, A X)V)W - %{U, V){^ A X)W), 

that is, 

Tait X)%{U, V)W - %{Ta{L X)U, V)W 
- %{U, Tai^, X)V)W - %{U, V)Tait X)W 
= Lg {Tb{U, V, W,X)^- %{U, V, W, OX 
-g{X, U)Tb{t V)W + sv{U)%{X, V)W 
-g{X, V)%{U, OW + er,iV)%{U, X)W 

-g{X, W)%{U, V)^ + sr,{W)%{U, V)X). (4.5) 

Taking the inner product of (4.5) with ^, we get 

Tait X, %{U, V)W, e) - %{Ta{L X)U, V, W, 
- TbiU, Tai^, X)V, W, - %iU, V, Ta{^, X)W, 
= Lg{eTb{U, V, W, X) - er,{X)Tb{U, V, W, 
-g{X, U)Tb{^, V, W, + en{U)Tb{X, V, W, 
-g{X, V)Tb{U, W, + eri{V)Tb{U, X, W, ^ 

-g{X, W)Tb{U, V, ^, + sv{W)Tb{U, V, X, 0). (4.6) 
By using (3.29),. . . ,(3.34) in (4.6), we get (4.3). ■ 

Theorem 4.3 Let M be an n- dimensional {%,%)-pseudosymmetric {N{k),£)-semi-Riemannian manifold. 
Then 

-£ {asfeo + na^bi + 0562 + agfeg + 0563 + 0565} S'^{V, W) 
+ {{{nbi + 62 + 63 + &5 + &6 + bo){ekao + ebrr) 

- sk{n - l){2a5be + 0263 + aih + aiba + aib^ 

+ aibi + aib2 + a2&2 + 02^6 + na2bi + aibo + 0260)} 
— e(n — l)ai&7r — ena^bir — eb^ai^r — eaib4r)S(y, W) 
+ {—£k{n — l){nbi + 62 + 63 + &5 + ^'e + bo){a7r + ka^ + k{n - l)a4) 

- ek{n — l)r((n - 1)6702 + {n — 1)6704 + 0264 + 0-464)} giV, W) 

+ (oi + 02 + 203 + 04 + 05 + 2a6) {-k'^{n - lf{nbi + 62 + 63 + 65 + 65 + 60) 

- k{n - ifbrr - k{n - 1)64?-} v{V)v{W) 

= Lg{s{bo + 65 + b6)S{V, W) + s{b4.r - k{n - l)(6o + n64 + ^5 + be))giV, W) 

+{b2 + b3){r - kn{n - l))r]{V)r]{W)) . (4.7) 
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Theorem 4.4 Let M be ann-dimensionalTa-pseudosymmetric {N{k),^)-se'mi-Riern,annian manifold. Then 

eaokR{U, V, W, X) + eka^SiX, U)g{V, W) + eka^SiX, V)g{U, W) 
+ eka^SiX, W)g{U, V) - ek^in - l)a^g{X, W)g{U, V) 

- ek{kao + k{n - l)a4)g{V, W)g{X, U) 

- sk{-kao + k{n - l)a5)g{U, W)giX, V) 

- k^n - l)(a2 + a3)giX, U)7j{V)v{W) 

- k^in - l)(ai + a3)g(X, VHUHW) 

- k\n - l)(ai + a2)giX, W)f]iU)f]iV) 

+ k{a2 + a3)S{X, U)7]{V)t]{W) + k{ai + a3)5(X, V)tj{U)ij{W) 
+ k{a^+a2)S{X, W)r]{U)r]{V) 

= Lg{eaoR{U, V, W, X) + ea4S{X, U)g{V, W) + ea^SiX, V)g{U, W) 

+eaeS{X, W)g(U, V) - ek{n - l)aeg{U, V)g{X, W) 

-k{n - l)(a2 + a3)g{X, U)'n{V)r,{W) 

-k{n - l)(ai + a3}g{X, V)f]{U)f]{W) 

-k{n - l)(ai + a2)g{X, W)7j{U)7i{V) 

+{a2 + a3)S{X,U)v{V)v{W) 

+(ai + a3)S{X, V)r]{U)r]{W) 

+{ai+a2)S{X,W)v{U)v{V) 

-e{-kao + k{n - l)a5)g(U, W)g{X, V) 

-s{kao + k(n - l)a4)g{V, W)g{X, U)). (4.8) 

Remark 4.5 Here two cases arise. First is that when Lg = Q. In this case, it is 'J-semisymmetric. We 
exclude this case, because it is already studied in [28]. And the second case is that when Lg ^ 0. In the 
following Theorem, we consider the result for Lg ^ 0. 

Theorem 4.6 Let M he an n-dimensional %-pseudosymm,etric {N{k),^)-semi-Rieniannian manifold such 
that ao + as + 06 ^ 0. 

1. If ao + a2 + as+ nai + + a% ^ Q, then either it is Einstein manifold or Lg = k. 

2. If ao + a2 + as+ nai + + a% = Q, then either it is r]-Einstein manifold or Lg = k. 

Proof. Let M be an n-dimensional "^-pseudosymmetric (A'^(fc), ^)-semi-Riemannian manifold. On con- 
tracting (4.8), we get 

k{e{ao -h as + ae)S{V, W) + e{a4r - k{n - l)(ao -|- nai + a5 + aQ))g(y, W) 
+ (a2 + a3)(r - kn{n - l))ri{V)ri{W)) 
= Lg{e{aQ + as + aQ)S{y, W) + eia^r - k{n - l)(ao + na4 + as + a(i))g{V, W) 
+(a2 + a3)(r - kn{n - l))rjiV)7j{W)), 

which can be rewritten as 

iLg-k){eiao + a5 + ae)S{V,W) 

+e{a4r - k{n - l)(ao + na^ + as + ae))giV, W) 

+(a2 + a3)(r - kn{n - l))r]{V)r]{W)) . (4.9) 

On contracting above equation, wc get 

{Lg — k){ao + a2 + as + na4 + as + aQ){r — kn{n — 1)). 

Case 1. If ao + a2 + a3 + na4 + as + ae 7^ 0, then either Lg = k or r = kn{n — 1). If r = kn{n — 1), then 
from (4.9), we get 

S = k{n-l)g. 
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Case 2. If uq + a2 + as + na^ + + ae — 0, then by (4.9), wc get either Lg — k oi 

-e{ao + as + a6)S(y,W) = eia^r - k{n ~ l){aQ + na^ + + ae))g{V,W) 

+(a2 + a3)(r - kn{n - l))T]{V)r]{W)) . 

This proves the result. ■ 

Corollary 4.7 An n- dimensional %,-pseudosymmetric (N (k), £,)-semi-Riemannian manifold is of the form 
R-Z = kQ{g,Z). 

In view of Theorem 4.6, we have the following 

Corollary 4.8 Let M be an n-dimensional %-pseudosymmetric {N{k),^)-semi-Riemannian manifold such 
that 

Ta e {R, V, P,M, Wo, Wo*, Wi, Wr, Ws, . . . , Wg} 
Then we have the following table: 



M 




s = 


N{k) -contact metric 


k 


k{n — l)g 


Sasakian 


1 


{n - i)g 


Kenmotsu 


-1 


-in- l)g 


{e) -Sasakian 


e 


e(n - 1)5 


para-Sasakian 


- 1 


-in- i)g 


(e) -para-Sasakian 


— £ 


-ein - l)g 



Corollary 4.9 [16] Let M be an n-dimensional, n > 3, Kenmotsu manifold. If M is pseudosymmetric then 
either it is locally isometric to the hyperbolic space 1) or Lg = — 1 holds on M. 

Corollary 4.10 [16] Every Kenmotsu manifold M, n > 3, is a pseudosymmetric manifold of the form 
R-R= -Qig,R). 

Corollary 4.11 Let M be an n-dimensional quasi- conformal pseudosymmetric iNik),S,)-semi-Riemannian 
manifold such that ao — ai ^ and ao + (n — 2)ai 7^ 0. Then we have the following table: 



M 




S = 


Nik)-contact metric 


k 


kin — l)g 


Sasakian 


1 


in - l)g 


Kenmotsu 


- 1 


-in - l)g 


ie)-Sasakian 


e 


sin — l)g 


para-Sasakian 


- 1 


-in- l)g 


(e) -para-Sasakian 


— £ 


-ein - l)g 



Corollary 4.12 Let M be an n-dimensional pseudo-projective pseudosymmetric iNik),£,)-semi-Riemannian 
manifold such that ao ^ and oq — ai ^ 0. Then we have the following table: 



M 




S = 


Nik)-contact metric 


k 


kin - l)g 


Sasakian 


1 


in - l)g 


Kenmotsu 


- 1 


-in- l)g 


ie)-Sasakian 


£ 


ein - l)g 


para-Sasakian 


- 1 


-in - l)g 


ie) -para-Sasakian 


— £ 


-ein - l)g 
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Corollary 4.13 Let M be an n- dimensional Weyl pseudo symmetric {N{k),£,)-semi-Riemannian manifold. 
Then we have the following table: 



M 

N{k)-contact metric 



S = 
s = 



— k] g + [ nk ^—^ ] r]<i$r] 



n — 1 



n-1 



Sasakian 



S = 



n — 1 



- 1 ,g + n 



n-1 



Kenmotsu [16] 



-1 



S 



r \ I r 

+ 1 \ g — n H \ rjdSrj 



n—1 



n-1. 



(e) -Sasakian 



n—1 



e \ g + e [ne 



n-1 



para-Sasakian [15] 



S 



n—1 



1 1 9 - n + 



n — 1 



r] <E)T] 



(e) -para-Sasakian 



— e 



S = 



n-1 



+ e\ g — £[ne 



n-1 



Corollary 4.14 Let M be an n-dimensional conharmonic pseudosymmetric {N{k),^)-semi-Riemannian 
manifold. Then we have the following table: 



M 



La = 



N{k)-contact metric 



S 



— k]g+\nk ^—^ \rf(idri 



n-1 



n-1 



Sasakian 



S = 



r \ I r 

— 1 I g + n \ rj T] 



n—1 



n—1 



Kenmotsu 



S 



r \ / r 

+ 1 ) 5 — I n H ]ri<idri 



n- 1 



n—1 



S = 



II - 1 



II - 1 



q Y' I] 



para-Sasakian 



- 1 



S = 



n—1 



+ 1] g - n 



n — 1 



(e) -para-Sasakian 



S 



.n-1 



£ \ g — e \ n£ 



n-1 



Corollary 4.15 Let M be an n-dimensional W2-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
Then we have the following table: 



M 




S = 


N{k)-contact metric 


k 


r 

-9 


Sasakian 


1 


-¥ — 

-.9 


Kenmotsu 


- 1 


-¥ — 

-.9 


(e) -Sasakian 


e 


-¥ — 

-9 
-¥ 


para-Sasakian 


- 1 


-9 

n 


(e) -para-Sasakian 


— e 


n' 



CoroUeiry 4.16 Let M be an n-dimensional Wg-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
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Then we have the following table: 



M 

N{k)-contact metric 



L„ = 



S = 
S = 



— k] g + \ nk ^—^ ] r]i$r) 



n-1 



n- 1 



Sasakian 



S = 



r \ / r 

— 1 ] g + [ n ] rj <iC> rj 



n- 1 



n — 1 



Kenmotsu 



- 1 



5* = 



n-1 



1] g- [n 



n — 1 



{e)-Sasakian 



S 



n-l 



e ] g + e [ne 



n-1 



para-Sasakian 



S = 



n-1 



1 5- " 



n — 1 



(e) -para-Sasakian 



— £ 



n-1 



r \ I r 

-\-s\g — e\ns-\ ] rj^r] 



n-1 



5 (X, %, S'^)-pseudosymmetry 

Definition 5.1 A semi-Riemannian manifold is said to be C^, 'S'^)-pseudosymnietric if it satisfies 

ra-Tb = LsiQ{S',%), (5.1) 

where Lge is some smooth function on M. In particular, it is said to be {R,%,, 6'^)-pseudosymmetric if 

R-Ta = Ls^Q{S\Ta) (5.2) 

holds on the set Ust = {x G M : Q{S^, %) 7^ O}, where Lg^ is some smooth function on Us^- 

For £ = 1, we can give the following definition. 

Definition 5.2 A semi-Riemannian manifold is called {%, %, S')-pseudosymmetric if it satisfies 

%-% = LsQ{S,%), (5.3) 

where Ls is some smooth function on M. In particular, it is said to be {R, %, 5)-pseudosymmetric if 

R-Ta = LsQ{S,Ta) (5.4) 

holds on the set Us = {x & M : Q{S,%) ^ 0}, where Lg is some smooth function on Us- 

Remark 5.3 A semi-Riemannian manifold is said to be (i?, -R, 6')-pseudosymmetric or in short, Ricci- 
generalized pseudosymmetric if 

R-R = LsQ{S, R) 

holds on the set Us = {x G M : Q{S, R) 7^ 0}, where Ls is some smooth function on Us- It is known [5] that 
every 3-dimensional semi-Riemannian manifold is Ricci- generalized pseudosymmetric along with Ls = 1, 
that is, R- R = Q{S,R). 

Theorem 5.4 Let M be an n- dimensional {%,%, S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then 



eboikao + ek{n - 1)04 + a'jr)R{U, V. W, X) + eaibaS{X, R{U, V)W) 
-2k(n - l)a3ikbo + k{n - 1)64 + b^r)r]{X)r|{U)g{V, W) 
-2k{n - l)a3{-kbo + k{n - 1)65 - hr)ii{X)ij{V)g{U, W) 
+eaxhAS'^{X, U)g{V, W) + eaxhr,S'^{X, V)g{U, W) 
+eaibeS^{X, W)g{U, V) - 05(61 + b3)S^{X, V)v(U)7]{W) 
-05(61 + b2)S^X, W)7i{U)7i{V) - 05(62 + b3)S^{X, U)tj{V)v{W) 
^2a^b,S^{V,W)v{X)rj{U) - 2aeb2S^{U,W)7j{X)7j(V) 
-2a6b3S^{U, V)r]{X)r]{W) - 2k^{n - l)a3beg{U, VHX)f]{W) 
-2 {k{n - 1)0361 + a6(fc6o + k{n - 1)64 + brr)) 7j{X)7j{U)S{V, W) 
-2 {k{n - 1)0362 + aei-kbo + k{n - 1)65 - 67^) r]{X)r]{V)S{U, W) 
-2k{n - 1)(0363 + 0666)5(^7, V)r]{X)rj{W) 

+s {biikao + k{n - 1)04 + oyr) - oi(A:6o + k{n - 1)64)) S{X, U)g{V, W) 

+£ (65(fcao + k{n - 1)04 + a^r) - oi(-fc6o + k{n - 1)65)) S{X, V)g{U, W) 

+eb6{kao + k{n - l)(o4 - oi) + a7r)S{X, W)giU, V) 

-e{kbo + k{n - l)bi){kao + k{n - 1)04 + arr)g{X, U)g{V, W) 

-e{-kbo + k{n - l)65)(fcao + k{n - 1)04 + a7r)g{U, W)g{X, V) 

-ek{n - l)66(fcoo + k{n - 1)04 + arr)g{X, W)g{U, V) 

—k{n — 1) ((62 + 63)(fcao + k{n — 1)04 + Oyr) 

+ (02 + a4)(-fc6o + k{n - 1)(65 + be) ~ brr)) g{X, U)r]{V)r]{W) 

—k{n — 1) ((61 + 63)(A;oo + k{n — 1)04 + oyr) 

+(02 + a4)(fc6o + k{n - l){bi + be) + brr)) g{X, V)r]{U)T]{W) 

- ((61 + 63)(-fcao + k{n - l)(ai + 02) - oyr) 

+ (oi + O5)(fc6o + k{n - 1)(64 + 65) + brr)) S{X, V)r]{U)r]{W) 

- ((62 + 63)(-A:ao + k{n - l)(oi + 02) - oyr) 

+ (oi + 05)(A-6o + kin - 1)(65 + 65) + bjr)) 5(X, U)r,{V)ri{W) 

- ((61 + 62)(-/cao + k{n - l)(ai + 02) - arr) 
+k{n - 1)(64 + 65)(ai + 05)) S{X, W)v{U)v{V) 
-k{n - 1) {k{n - 1)(64 + 65) (02 + 04) 

+ (61 + 62)(fcoo + k{n - 1)04 + arr)) g{X, W)v{U)r,{V) 
= Lse{eboS'''{R{U, V)W, X) + £64S'^+^(X, U)g(V, W) + ebsS'^+^iX, V)g{U, W) 
+ebeS'+\X, W)g{U, V) - ek{n - l)bry{X, W)g{U, V) 
+k\n - l)\-kbo + k{n - 1)(65 + 65) - b7r)g{X, U)t]{V)t]{W) 
+k^{n - lf{kbo + k{n - 1)(64 + 66) + brr)g{X, V)r]{U)r]{W) 
-{-kbo + k{n - 1)(62 + 63 + 65 + 66) - brr)S^{X, U)r]{V)r]{W) 
-{kbo + k{n - l)(6i + 63 + 64 + 66) + b7r)S^{X, V)r]{U)r]{W) 
-k{n - l)(6i + 62 + 64 + b^)S(X, W)ri(U)'n{V) 
+k'+\n - 1)^+1(64 + b^)g{X, W)7^{U)i^{V) 
-e{-kbo + k{n - l)b5)S\X, V)g{U, W) 
-e{kbo + k{n - l)b4)S^{X, U)g{V, W) 
+k\n - 1)^(61 + b3)S{X, V)r]{U)r]{W) 
+k^{n - 1)^(61 + 62)^(X, W)7^{U)7^{V) 

+k\n - 1)^(62 + b3)S{X, U)v{V)v{W)). (5.5) 
Proof. Let M be an n-dimensional C^, 'S'^)-pseudosymnietric (-A/'(fc),^)-senii-Riemannian manifold. 
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Then 



Ta{Z, X) ■ %{U, V)W = Ls^Q{S', Tb){U, V, W; Z, X). (5.6) 



Taking Z = ^ in (5.6), we get 



Ta{^, X) . %{U, V)W = LseQ{S\ %}{U, V, W; X), 



which gives 



Tai^, X)%iU, V)W - %{Ta{£.. X)U, V)W 

- %{u, Ta{^, x)v)w - %{u, v)ra{^, x)w 

= Ls4{^ As. X)Tb{U, V)W- %{{^ As. X)U, V)W 
-%{U, (^ As. X)V)W - Tb{U, V){^ As. X)W), 



that is. 



Ta{^, X)%{U, V)W - TbiTai^, X)U, V)W 
- %{U, Ta{^, X)V)W - %iU, V)Ta{^, X)W 
= Lse {S^{X, %{U, V)W)^ - S\^, %{U, V)W)X 

-S^{X, U)Tb{L V)W + 5^(C, U)%{X, V)W 
-S^{X, V)%{U, + s^ic, V)%{U, X)W 

-S\X, W)Tb{U, V)^ + S\i, W)Tb{U, V)X). (5.7) 



Taking the inner product of (5.7) with ^, we get 



Ta{^, X, Tb{U, V)W, - TbiTai^, X)U, V, W, 
- %{U, TaiC, X)V, W, - TbiU, V, Ta{L X)W, 
= Lgi {eS\X, %{U, V)W) - ev{X)S'{C, %{U, V)W) 
-S\X, U)Tb{^, V, W, + S'{^, U)Tb{X, V, w, 
-S'{X, V)%{U, ^, W, + S'{^, V)Tb{U, X, w, 

-S'{X, W)Tb{U, V, + S'{^, W)Tb{U, V, X, 0). (5.8) 



By using (3.29),. . . ,(3.34) in (5.8), we get (5.5). ■ 



Corollary 5.5 Let M he an n-dimensional {%,%, S)-pseudosy'mmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then 



eha{kaa + ek{n - l)a4 + a7r)R{U, V, W, X) + eaiboS{X, R{U, V)W) 
-2k{n - l)a3(fcfeo + k{n - 1)64 + b7r)ri{X)ri{U)g{V, W) 
-2k{n - l)a3{-kbo + kin - 1)65 - W) 
+eaibiS'^{X, U)g{V, W) + eaib^S'^iX, V)g{U, W) 
+saibeS^{X, W)g{U, V) - 05(61 + b3)S\X, V)r]{U)r]{W) 
-05(61 + b2)S^{X, W)7j{U)7j{V) - 05(62 + b3)S\X, U)r]{V)r]{W) 
-2aebiS\V, W^XHU) - 2a^b2S^{U, W)r,{X)'n{V) 
-2aeb3S\U, V)tj{X)t](W) - 2k\n - l)a3beg{U, VHX)rj{W) 
-2 {k{n - 1)0361 + a6(fc6o + k{n - 1)64 + brr)) r]{X)r]{U)S{V, W) 
-2 {k{n - 1)0362 + 06(-fc6o + k{n - 1)65 - b^r)) r]{X)r]{V)S{U, W) 
-2k{n - l)(o363 + a6be)S{U, V)r]{X)r]{W) 

+e [biikao + k{n - 1)04 + oyr) - oi(fc6o + k{n - 1)64)) S{X, U)g{V, W) 

+e (65(fcoo + k{n - 1)04 + arr) - oi(-fc6o + k(n - 1)65)) S{X, V)g{U, W) 

+ebe(kao + k{n - l)(o4 - oi) + a7r)S{X, W)g{U, V) 

-e{kbo + k{n - 1)64) (fcoo + k{n - 1)04 + arr)g{X, U)g{V, W) 

-e{-kbo + kin - l)65)(fcao + k{n - 1)04 + a7r)g{U, W)g{X, V) 

-ek{n - l)be{kao + k{n - 1)04 + a7r)g{X, W)g{U, V) 

—k{n - 1) ((62 + bs){kao + k{n - 1)04 + ayr) 

+(02 + 04)(-fc6o + k{n ~ 1)(65 + 66) - bjr)) g{X, U)ri{V)ri{W) 

—k{n — 1) ((61 + 63)(fcoo + k{n — 1)04 + oyr) 

+(02 + O4)(fc6o + k{n - 1)(64 + 66) + b^r)) g{X, V)r]iU)r]iW) 

- ((61 + 63)(-fcao + k{n - l)(ai + 02) - ajr) 

+(oi + O5)(fc6o + k{n - 1)(64 + 66) + brr)) S{X, V)r]{U)r]{W) 

- ((62 + 63)(-fcao + k{n - l)(ai + 02) - arr) 

+(oi + 05)(A:6o + kin - 1)(65 + 66) + bjr)) S{X, U)r]{V)r,iW) 

- ((61 + 62)(-A:ao + k{n - l)(ai + 02) - a^r) 
+k{n - 1)(64 + 65)(ai + 05)) S{X, W^)r;(i7)r;(y) 
-k{n - 1) {k{n - 1)(64 + 65) (02 + 04) 

+(61 + 62)(fcoo + k{n - 1)04 + arr)) g{X, W)r]{U)r]{V) 
= Ls{eboS{R{U, V)W, X) + ebiS''{X, U)g{V, W) + eb^S'^{X, V)g{U, W) 
+ebQS^{X, W)g{U, V) - ek{n - l)b(iS{X, W)g{U, V) 
+k{n - l)(-fc6o + k{n - 1)(65 + 66) - brr)giX, U)r^iV)r^iW) 
+k{n - l)(fc6o + fc(n - 1)(64 + 66)67r)5(X, V)7j{U)t]{W) 
+k^{n - 1)2(64 + b5)g{X, W)r]{U)v{V) 
-i-kbo + k{n - 1)(6,, + 66) - bjr)S{X, U)r^{V)r^{W) 
-{kbo + k{n - 1)(64 + 66) + bTr)S(X, V)Tj{U)rj{W) 

-k{n - 1)(64 + b5)S{X, W)t]{U)t]{V) - e{-kbo + k{n - l)b^)S{X, V)g{U, W) 

~e{kbo + kin - l)bi)S{X, U)g{V, W)). (5.9) 



Theorem 5.6 Let M be an n- dimensional {%,%, S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then 
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(ai&5 - as&i - a5b3)S\X, V)r]iW) 

+{aibe - a^h - a^b^)S'^{X, W)'n{V) 

-2aehxS'^{V,W)r,{X) 

+{b5{kao + k{n — l)(a4 — ai) + ayr) 

— (61 + b:}){-kao + k{n - l)(oi + 02) - ayr) 

-(ai + a^){kbo + A:(n - 1)(64 + fee) + b^r))S{X, V)ri{W) 

+ {be{kao + k{n - l)(a4 - ai) + ayr) 

-(fei + b2){-kao + k{n - l)(ai + 02) - ayr) 

-k{n - l)(ai + a5)(64 + b5))S{X, W)r]{V) 

-2{k{n - l)asbi + ae{kbo + k{n - 1)64 + b7r))S{V, W)r]{X) 

-k{n - l)((5i + 63 + 65)(fcao + k{n - 1)04 + a^r) 

+ {a2 + ai){kba + k{n - l){bi + fee) + b7r))g{X, VHW) 

-k{n - l)((fei + fe2 + be){kao + k{n - 1)04 + ayr) 

+k{n - l)(a2 + a4)(64 + b^))g{X, W)r]{V) 

-2k{n - l)a3{kbo + k{n - 1)64 + bTr)g{V, W)r]{X) 

-ek{n - l){{kbo + brr){ai + 02 + 04 + 05) 

+k{n - l)(fe2 + fes + fes + fee) x 

(ai + a2 + 2a3 + 04 + ag + 2ae))T]{X)T]{V)Tj{W) 

= Lsi{-ikbo + kin - l)(fei + 63 + 64 + fes + fee) + b7r)S\X, V)7j{W) 

+k\n - lYikbo + k{n - l){bi + fee) + hr)g{X, V)r]{W) 

+k'+\n - lY+\bi + b,)g{X, WUV) 

-k{n - l)(fei + 62 + fe4 + fes + b6)S\X, W)t]{V) 

+b,S'+\X, V)7jiW) + beS'+\X, WUV)) 

+k'{n-lY{bi + b3)S{X,V)v(W) 

+k\n - lf{bi + fe2)^(^, W)'n{V)). 

Corollary 5.7 Let M fee an n- dimensional {%,%, S)-pseudosym.metric {N{k),^)-semi-Riemannian mani- 
fold. Then 

(aifes - asfei - a5b3)S^{X, V)7]{W) 

+(aife6 - asfei - a5b2)S^{X, W)7i{V) - 2aebiS^{V, W)7]{X) 

+(fe5(fcao + k{n - l)(a4 - ai) + oyr) 

-(fei + fe3)(-fcao + k{n - l)(ai + 02) - a^r) 

-(ai + a^Xkbo + k{n - l)(fe4 + fee) + brr))S{X, V)r]{W) 

+(fee(fcao + k{n — l)(a4 - ai) + ayr) 

-(fei + b2){-kao + k{n - l)(ai + 02) - ayr) 

-k{n - l)(ai + a5)(fe4 + b^))S{X, W)7^{V) 

-2{k{n - l)a3fei + a6(A;6o + k{n - l)fe4 + hr))S{V, W)r]{X) 

-k{n - l)((6i + fes + fe5)(^ao + k{n - 1)04 + ayr) 

+ {02 + «4)(A;feo + kin - l)(fe4 + fee) + bjr))giX, V)viW) 

-kin - l)((fei + fe2 + fee)(fcao + kin - l)a4 + ajr) 

+kin - l)(a2 + a4)(fe4 + fe5))5(^, W)r]iV) 

-2fc(n - l)a3(A;feo + kin - 1)64 + b7r)giV, W)'niX) 

-skin - l)((fcfeo + fe7r)(ai + 02 + 04 + 05) 

+fc(n - 1)(62 + fes + fes + fee) x 

(ai +a2 + 2a3 + 04 + 05 + 2a6))r?(X)r?(y)r?(T4^) 
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= Ls{-{kbo + k{n - 1)(&4 + 65 + h) + b7r)S{X, V)r){W) 
+k{n - l){kbo + k{n - 1)(64 + bo) + b7r)g{X, V)r]{W) 
+/c2(n - 1)2(64 + b5)9iX, W)r]{V) 
-k{n - l){bi + 65 + b6)S{X, W)rj{V) 
+b5S\X, V)r]{W) + beS^X, W)r]{V)). 



(5.10) 



Theorem 5.8 Let M be an n- dimensional {R,%, S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then 

k{ai + a,, + as) {S{X, V) - k{n - l)g{X, V)) r,{W) 
+ fc(ai + a2 + ae) {S{X, W) - k(n - l)g{X, W)) r){V) 
= Lgii-ikao + k(n - l)(ai + 03 + 04 + 05 + ag) + a7r)S^'{X, V)r]{W) 

+k^{n - lYikao + k{n - l)(a4 + ae) + arr)g{X, V)r]{W) 

-hk'+\n - lY+\a^ + a5)g{X, W)r,{V) 

-kin - l)(ai + 02 + a4 + as + a6)S^{X, W)r]{V) 

+a5S'+\X, VMW) + aeS^+\X, W)r]{V) 

+k\n - lYiai + a3)SiX, V)7jiW) 

+k\n - lY{ai + a2)S{X, W)r]{V)). (5.11) 

Corollary 5.9 Let M be an n-dimensional {R,%, S)-pseudosymmetric {N{k),S,)-semi-Riemannian mani- 
fold. Then 

fc(ai + 03 + as) {S{X, V) - k{n - l)g{X, V)) ii{W) 
+ k{ai + 02 + as) {S{X, W) - k{n - l)g{X, W)) r]{V) 
= Ls{-{kao + k{n - l)(a4 + as + ae) + arr)S{X, V)r]{W) 

+k{n - l){kao + k{n ~ l)(a4 + ae) + a'jr)g{X, V)ri{W) 

+k^{n - l f{a4 + a^)g{X, W)ri{V) 

-k{n - l)(a4 + as + ae)S(X, W)t](V) 

+a5S\X, VMW) + aeS\X, WMV)). (5.12) 

Corollary 5.10 Let M be an n-dimensional {R, R, S'^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not semisymmetric, then 

= k\n - ifg 

and Lae = , . , ,^ rj. Consequently, we have the following: 

fc*^~^(n - 1)* 



M 



N{k)-contact metric 



Sasakian 



Kenmotsu 



(e) -Sasakian 



para- Sasakian 



(e) -para- Sasakian 



Lse 



fc^-i(n- 1)^ 



(n - 1)^ 



T 



(-ey-Hn-iy 



S' 



k^{n — lYg 



{n-lfg 



(-l)'(n - lYg 



{ey{n - lYg 



{-lY{n-lY9 



{-eY{n-lYg 



Proof. Let M be an n-dimensional (i?, i?, S'^)-pseudosymmetric (iV(A:), ^)-semi-Riemannian manifold, that 
is 

R-R = LsiQ{S\R) (5.13) 
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holds on M. By putting the value for R in (5.11), we get 

-kLsi {S\X, V) - k'{n - ifgiX, V)) v{W) = 0. (5.14) 

Putting W = ^ in (5.14), we get 

-kLge {S^{X, V) - k^n - lYg{X, V)) = 0. (5.15) 

Since M is not semisymmetric Lge ^ 0. Therefore from (5.15), we have 

S'{X,V) = k'{n-lYg{X,V). 

So putting = k^{n — lYg in (5.13), we get 

R-R = k\n~lYLgeQ{g,R), 

which is the condition of pscudosymmctric manifold. By comparison with the result of pseudosymmetric 
manifold (Corollary 4.8), we get Lgi = tt^- This proves the result. ■ 

Corollary 5.11 Let M be ann-dimensional Ricci-generalized pseudosymmetric {N{k),^)-semi-Riernannian 
manifold. If M is not semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 

Ls = . Consequently, we have the following: 

n — 1 



M 


Ls = 


S = 


N{k)- contact metric 


1 

n—1 


k{n - 1)5 


Sasakian 


i 

n — 1 


(n - l)g 


Kenmotsu [16] 


1 

n — 1 


-{n-l)g 


{e)-Sasakian 


1 

n — 1 


^{n - 1)5 


para-Sasakian 


1 

n — 1 


-(n - 1)5 


(e) -para-Sasakian 


1 

n—1 


-s{n- l)g 



Corollary 5.12 Let M be an n-dimensional {R, C^,, S ) -pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not quasi- conformal semisymmetric, then 

+fc^(n-l)^5. 
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Consequently, we have the following: 



M 



N{k)-contact metric 



Sasakian 



Kenmotsu 



(e) -Sasakian 



para-Sasakian 



(e) -para-Sasakian 



S'+^ = 



k]^+(--k{n-l)]]{S'-k'^{n-lY' 
n{n - 1) J ai \n ' i i ^ 

+k^{n - lyS 



+ in-lYS 



_!_ + i)5i + (5 + ,„_i,))(s<-(-i).(„-i)',) 

+ {-lY{n-iyS 



+ {eY{n-lYS 



+ {-lY{n-lYS 



+{-eY{n-lYS 



Corollary 5.13 Let M be an n- dimensional {R,C^,, S)-pseudosymmetric {N{k),^)-semi-Riemannian 
ifold. If M is not quasi- conformal-semisymmetric, then 



S' = 



-fc(n- 1) 

Consequently, we have the following: 



n{n — 1) / ai n 

r , \ ao / 2r 



i{n — 1) J ai \n 



k{n-l)\\g 



M 



N[k)-contact metric 



Sasakian 



Kenmotsu 



{e)-Sasakian 



S 



2zr 



n{n — 1) J ai n 



k{n - 1) 



n(n — 1) / oi \ n 



11^ + ^15 



n(n — 1) / ai n 



(n-1) 



(n — 1) / ai \n 



11^ + ^15 



n(n — 1) / ai n 

r A ao / 2r 



1 -+ --(«-!) 5 



(n-1) 



n(n — 1) J ai n J 



n(n — 1) ) ai \ n 
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Corollary 5.14 Let M he an n- dimensional {R,C, S^)-pseudosymmetric {N{k),£,)-semi-Riemannian man- 
ifold. If M is not Weyl-semisymmetric, then 

5^ = (^-r—-k^(S'-k'{n-lYg)+k'{n-lYS. 

Consequently, we have the following: 



M 




N[k)-contact metric 




^ k] {S' k'{n lYg) 
j-k\n - lyS 


Sasakian 




h{n-lYS 


{S'-{n-iYg) 


Kenmotsu 




H-i)'(«- 


{S'-(-l)\n-lYg) 

lys 


{e)-Sasakian 




[tt^'') (s'-i^Yin-iYd) 

hieYin-iyS 


para-Sasakian 




K-i)'("- 


(s'-i-iYin-iYg) 
lYs 


(e) -para-Sasakian 




f (-£)^(n - 


{S^ - {-eY{n - lYg) 

lYs 



Corollary 5.15 Let M be an n-dimensional {R,C, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. If M is not Weyl-semisymmetric, then 

= (^k{n-2)-\-^^^S + k{n-l)(^k-^^^g. 

Consequently, we have the following: 



M 


S''= 


N{k)-contact metric 


{k{n-2) + ^^)s 
+k{n-l)[k-^)g 


Sasakian 


{{n-2) + ^^)S 


Kenmotsu 


{-{n-2) + ^)s 
+ (n-l)(l + ^)5 


(s) -Sasakian 


(e{n-2) + ^)s 
+ein-l){e-^)g 


para-Sasakian 


(-{n-2) + ^)S 
+ {n-l){l + ^)g 


(e) -para-Sasakian 


[-e{n-2) + ^^)s 
+e{n-l) {e+^)g 



Corollary 5.16 Let M be an n-dimensional {R,C,S^) -pseudo symmetric {N{k),^)-semi-Riemannian man- 
ifold. If M is not conharmonic semisymmetric, then 

5^+1 = -kS^ + k^n - lYS + k^+\n - lYg. 
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Consequently, we have the following: 



M 




N(k)-cx)nlm:.l: nicLrk: 


-kS' + /,:' (;/ - 1)'.S' + k' + \ii - Ij'tf 


Sasakian 


-S" + {n- lyS + (n - Ifg 


Kenmotsu 


+ {-Ifin - IfS + {-lY+'{n - Ifg 


(e) -Sasakian 


-sS' + {ef{n - IfS + {eY+\n - Ifg 


para- Sasakian 


S' + (-l)^(n - 1)^5 + {-lY+'{n - lYg 


(e) -para- Sasakian 


eS' + {-eY{n - lyS + {-eY+'{n - lYg 



Corollary 5.17 Let M he an n-dim,ensional {R, C, S)-pseudosymmet'ric {N{k),^)-semi-Riemannian man- 
ifold. If M is not conharmonic semisymmetric, then 

= k{n-2)S + k^{n-l)g. 

Consequently, we have the following: 



M 


S''= 


N{k)-contact metric 


k{n-2)S + k'^{n-l)g 


Sasakian 


(n-2)S + {n-l)g 


Kenmotsu 


-{n^2)S + {n-l)g 


(e) -Sasakian 


e{n-2)S -\- {n-l)g 


para-Sasakian 


-{n - 2)8 {n - l)g 


(e) -para-Sasakian 


-s{n-2)S -\-{n-l)g 



Corollary 5.18 Let M be an n- dimensional {R,V, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not concircular semisymmetric, then M either satisfies 

= k\n - lYg 

or scalar curvature is kn{n — 1) and Lgt = -y. Consequently, we have the following: 



M 


L — 


Result 


N(k)-contact metric 


i 

kt-Hn-lY 


S^ = k^{n — lYg or r = kn{n — 1) 


Sasakian 


i 

(n - 1)^ 


= {n— lYg or r = n{n — 1) 


Kenmotsu 


i 

i-iY-Hn-iY 


= {-lY{n-lY9 or r = -n{n-l) 


{e)-Sasakian 


{sY-^{n-lY 


S^ = {eY{n—lYg or r = en(n — 1) 


para-Sasakian 


{-lY-^{n-lY 


S^ = {-lY{n-lYg or r = -n{n-l) 


(e) -para-Sasakian 


(-e)^-i(n-l)^ 


= {—eY{n — lYg or r = —en{n — 1) 



Corollary 5.19 Let M be an n-dimensional {R,V , S)-pseudosymmetric {N{k),£^)-semi-Riemannian man- 
ifold. If M is not concircularly semisymmetric, then M is either an Einstein manifold or scalar curvature 

is kn{n — 1) and Ls = -. Consequently, we have the following: 



M 


Ls = 


S = 


N{k)-contact metric 


1 

n-l 


S = k{n — l)g or r = kn{n — 1) 


Sasakian 


1 

n-l 


S = {n — l)g or r = n(n — 1) 


Kenmotsu [16] 


1 

n-l 


S = — (n — l)g or r = — n(n — 1) 


(e) -Sasakian 


1 

n-l 


S = e{n — l)g or r = en{n — 1) 


para- Sas akian 


i 

n-l 


S = —{n — l)g or r = —n(n — 1) 


(e) -para-Sasakian 


1 

n-l 


S = —e{n—l)g or r = —en{n—l) 
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Corollary 5.20 Let M be an n-dimensional {R,V*, S^)-pseudosymmetric {N{k),£,)-semi-RieTnannian 
ifold such that ao + {n— l)ai ^0. If M is not pseudo-projective semisymmetric, then 

I 1 N ; + \ k{n - 1) \ax \ 

n(n — I) J V n/ 



+k\n - ifaxS. 
Consequently, we have the following: 



n{n — I) J \n/ 



M 



N{k)-contact metric 



Sasakian 



Kenmotsu 



{e)-Sasakian 



para-Sasakian 



(e) -para-Sasakian 



k'^{n — l)^ai 



k - 



n(n — 1) 



^ ao + [k{n ~ 1) ~ ~) 



n(n — 1) / 



k 



ijn - 1) 



ao + {k{n - 1) - ^ j ai^ 



(n - l)^ai 



(n-l)M 1 



i(n - 1) 



1 - 









«ll + 













(-ir(n-irai 



ao 



ai 



5 



ao - \ -] ai 



n{n — 1) 



^ao+(-(n-l)-^)oij 



n(n — 1) 
{eY{n-lY([e 



ao ■ 



(e{n-l) 



ai 



n{n — 1) 



ao 



ai 



n(n — 1) 



ao 



ai 



(-l)^(n- l)^ai 



s 



n(n — 1) 



ao + 



(-,„-!, -I) 



ai 



(-e)*(n- l)^ai 



n(n — 1) 
{-eY{n-lY 



— £ — 



1 ^ ( "0 - 1 - ai 
n(n — 1) / \n 



/ ^ ) ao + ( - 1) - - ) ai 
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Corollary 5.21 Let M be an n- dimensional (i?, P*, S)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold such that ao + (n — l)ai ^ 0. If M is not pseudo-projective semisymmetric, then either M is an 

Einstein manifold or r = — and Lg = . Consequently, we have the following: 

ao + (n — l)ai n — 1 



M 


Ls = 


5' = 


N{k) -contact metric 


1 

n — 1 


kniii — 

S = kin — l)g or r = — 

ao + {n- l)ai 


Sasakiaji 


1 

;t - 1 


CI n(n - l)ao 
S = (ti — \ )(] or ;■ = — — 

ao + (;i-l)ai 


Kenmotsu 


1 

n-1 


n(n-l)ao 

S= {n l)g ox r = 

0,0 + [n - l)ai 


{s)-Sasakian 


1 

n-1 


en(;/ - Ijrto 

S = e{n l)g ov r = 

ao + (?^ - Ijai 


pd/m-Sd.sd.kicn} 


1 

;/ - 1 


e / -IX n(n-l)oo 
.S = — (?) — \_)q or r = ■ ^ — 

(io + — Ijai 


(e) -para-Sasakian 


1 

n-1 


en(n-l)ao 

S= e{n l)g or r = 

ao + (n - Ijai 



Corollary 5.22 Let M he an n- dimensional {R,P, S^)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. IfM is not projective semisymmetric, then M is an Einstein manifold with scalar curvature kn{n—l). 
Consequently, we have the following: 



M 


S^ 


N{k)-contact metric 


k{n - l)g 


Sasakian 


(n - 1)9 


Kenmotsu 


- (n - l)g 


(e)-Sasakian 


e(n — l)g 


para-Sasakian 


- (n - 1)5 


(e) -para-Sasakian 


-e(n- 1)5' 



Corollary 5.23 Let M be an n- dimensional {R,V,S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. If M is not projective semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) 

and Lg = • Consequently, we have the following: 

n — 1 



M 


Ls = 


5' = 


N{k)- contact metric 


i 

n-1 


fc(n — l)g 


Sasakian 


1 

ri-1 


(n - \)g 


Kenmotsu [16] 


i 

n-1 


-(n-l)5 


{e) -Sasakian 


i 

n-1 


e(n — l)g 


para-Sasakian 


1 

n-1 


-(n - 1)5 


(e) -para-Sasakian 


1 

n-1 


— e(n — 1)5 



Corollary 5.24 Let M be an n-dimensional {R, M., S^)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. IfM is not M- semisymmetric, then 

S'+' = k{n - l)S' + k\n - ifS - k'+\n - if+^g. 

Consequently, we have the following: 



M 


5^+1 = 


N{k)-contact metric 


k{n - l)S' + k'in - lys - ¥+'{n - If+'g 


Sasakian 


(n - 1)^^ + (n - 1)^^ - (n - If+'g 


Kenmotsu 


-(n - l)^'^ + (-l)^(n - lyS - (-l)*+^(n - 1)^+^5 


[e) -Sasakian 


e{n - l)S'^ + {eY{n - IfS - {ef+^n - If+'g 


para-Sasakian 


-(n - 1)5'^ + (-l)^(n - lyS - (-l)^+^(n - If+'g 


(e) -para-Sasakian 


-e(n - l)S' + {-ef{n - IfS - {-sf+\n - If+'g 
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Corollary 5.25 Let M be an n- dimensional {R,M.,S) -pseudo symmetric {N{k),£,)-sem,i-Riemannian man- 
ifold. If M is not Ad-semisymmetric, then 

S'^ =2{n-l)kS -k^{n-lfg. 

Consequently, we have the following: 



M 


S''= 


N{k)-contact metric 


2{n-l)kS -k'^{n-l)'^g 


Sasakian 


2{n - 1)S - (n - ly-'g 


Kenmotsu 


-2(n - 1)5 - (n - Xfg 


{e)-S(i!i(ikian 


2(1, - l)cS - [It - l^g 


para- Sasakian 


-2(n- 1)5- (n- l)^,g 


{e) -para- Sasakian 


-2(n- l)e5- (n- 1)^3 



Corollary 5.26 Let M be an n-dimensional [R, Wo, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not yVo-semisymmetric, then 

5^+1 = k{n - 1)S' + k\n - ifS - k'+\n - if+^g. 

Consequently, we have the following: 



M 


5^+1 = 


N(k)-contact m.etric 


k{n - 1)S' + k*{n - lyS - k'+Hn - If+'g 


SuHukidi} 


(;) - 1)5' + (/) - 1)'5- (/) - l)'+\(y 


KenmMsu 


~{n - l)S' + {-lf{n - ifS - {-lf+\n - if+'q 


(s) -Sasakian 


e{n - 1)5* + {ef{n - IfS - (e)*+^(n - 1)^+^5 


para- Sasakian 


-(n - 1)5* + {-lf{n - lyS - {-iy+'{n - ly+'g 


(e) -para- Sasakian 


-e{n - 1)5^ + {-ey{n - lyS - {-ey+'{n - ly+'g 



Corollary 5.27 Let M he an n-dimensional {R, Wo, S)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. If M is not Wo-semisymmetric, then 

S'^ = 2{n-l)kS -k^in-lfg. 

Consequently, we have the following: 



M 




N{k) -contact metric 


2{n-l)kS -k'^{n-l)'^g 


Sasakian 


2(n- 1)5- (n- l)^ff 


Kenmotsu 


-2(n - 1)5 - (n - 1)^5 


{e)-Sasakian 


2(n- 1)£5- (n- l)^.g 


para-Sasakian 


-2(n- 1)5- (n- l)"g 


(e) -para-Sasakian 


-2(n- l)e5- (n- l)^g 



Corollary 5.28 Let M be an n-dimensional {R, Wg , S^)-pseudosymmetric {N{k),£,)-semi-Riemannian man- 
ifold. If M is not WQ-semisymmetric, then 

5^+1 = -k{n - 1)S' + k\n - ifS + k^+\n - ly+^g. 

Consequently, we have the following: 



M 


5^+1 = 


N{k)-contact metric 


-k{n - 1)5^ + fc^(n - 1)^5 + fc*+^(n - 1)^+^5 


Sasakian 


-{n - 1)5* + (n - 1)*5 + (n - 1)*+^^ 


Kenmotsu 


{n - 1)5* + (-l)*(n - 1)*5 + (-l)*+^(n - ly+'g 


{e) -Sasakian 


-e{n - 1)5* + (e)*(n - 1)*5 + (e)*+^(n - ly+'g 


para-Sasakian 


{n - 1)5* + (-l)*(n - 1)*5 + (-l)*+^(n - l)*+\g 


(e) -para-Sasakian 


e(n - 1)5* + (-£)*(n - 1)*5 + (-£)*+^(n - ly+'g 
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Corollary 5.29 Let M be an n- dimensional (i?, Wg , S)-pseudosymmetric {N (k) , -semi-Riemannian man- 
ifold. If M is not WQ-semisymmetric, then 

= k\n - Ifg. 

Consequently, we have the following: 



M 




N{k)-contact metric 


k'^{n- 1)^5 


Sasakian 


(n- l)'^g 


Kenmotsu 


{n-iyg 


{e)-Sasakian 


{n-lj^g 


para-Sasakian 


{n- l)'^g 


(e) -para-Sasakian 


{n- l^g 



Corollary 5.30 Let M be an n-dimensional {R, Wi, S^)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. If M is not Wi-semisymmetric, then 

2S' = k'-\n-lY-'S + k'in-lYg. 

Consequently, we have the following: 



M 


28' = 


N{k)-contact metric 


k'-'{n-lY-'S + k\n-lYg 


Sasakian 


{n-lY-'S + {n-lYg 


Kenmotsu 


{-lY-'{n - lY-'S + (-l)'(n - lYg 


{e)-Sasakian 


{eY-'in-lY-'S+{eY{n~lYg 


para-Sasakian 


(-l)^-^(n - lY-'S + i-lYin - lYg 


(e) -para-Sasakian 


{-eY-'{n - lY-'S + {-eY{n - lYg 



Corollary 5.31 Let M be an n-dimensional (i?, Wi, S)-pseudosymmetric (7V(fc), £^)-semi-Riemannian man- 
ifold. If M is not Wi-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n— 1) and 

Ls = . Consequently, we hove the following: 

n — 1 



M 


Ls = 


S = 


N{k)-contact metric 


i 

n — 1 


k{n - l)g 


Sasakian 


i 

n- 1 


{n - 1)5 


Kenmotsu 


i 

n- 1 


- (n - l)g 


(e) -Sasakian 


1 

n — 1 


e{n — l)g 


para-Sasakian 


i 

n — 1 


- (n - l)g 


(e) -para-Sasakian 


i 

n-1 


-e{n - l)g 



Corollary 5.32 Let M be an n-dimensional {R, Wl , S )-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not Wi-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1). 
Consequently, we have the following: 



M 


S = 


N{k)-contact metric 


k{n- l)g 


Sasakian 


(n - l)g 


Kenmotsu 


-{n - l)g 


{e)-Sasakian 


e{n - \)g 


para-Sasakian 


-(n - l)g 


(e) -para-Sasakian 


-e(n- l)g 
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Corollary 5.33 Let M be an n- dimensional (i?, Wj*, S) -pseudo symmetric {N (k) , -semi-Riemannian man- 
ifold. If M is not Wi -semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 

Lg = . Consequently, we have the following: 

n — 1 



M 


Ls = 


S = 


N{k)-contact metric 


i 

n — 1 


k(n - l)g 


Sa^ak'nii) 


i 

n - 1 


in - \)<, 


Kenmotsu 


i 

n- 1 


-{n-l)g 


{e)-Sasakian 


1 

n — 1 


e{n - l)g 


para-Sasakian 


i 

n — 1 


-(n - l)g 


(e) -para-Sasakian 


i 

n-1 


-e{n - l)g 



Corollary 5.34 Let M be an n-dimensional {R, W2, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not W2- semisymmetric, then 

LseS^+^ = k{n - l)LsiS^ + kS - k'^{n - l)g. 

Consequently, we have the following: 



M 


LseS'+-' = 


N{k)-contact metric 


k{n - l)LseS'' + kS- k'{n - l)g 


Sasakian 


{n-l)LseS'' + S-{n-l)g 


Kenmotsu 


-{n-l)LsiS'' - S - {n-l)g 


(e) -Sasakian 


e{n - l)LseS'^ + eS-{n- l)g 


para-Sasakian 


-{n-l)LseS'-S-{n-l)g 


(e) -para-Sasakian 


-e{n - l)LseS'' -sS-{n- l)g 



Corollary 5.35 Let M be an n-dimensional {R, W2, S)-pseudosymmetric {N (k),£)-semi-Riemannian man- 
ifold. If M is not W2-semisymmetric, then 

LsS'^ = k{{n- l)Ls + 1)5- k'^{n - l)g. 

Consequently, we have the following: 



M 


LsS-' = 


N{k)-contact metric 


k {{n - l)Ls + 1) S - k'^{n - l)g 


Sasakian 


{{n-l)Ls + l)S-in-l)g 


Kenmotsu 


- {{n-l)Ls + l)S-{n-l)g 


{s) -Sasakian 


e {{n - l)Ls + 1) S - {n - l)g 


para-Sasakian 


~ iin~l)Ls + l)S-{n-l)g 


(e) -para-Sasakian 


-s{{n-l)Ls-hl)S -{n-l)g 



Corollary 5.36 Let M be an n-dimensional {R, W3, S^)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. If M is not Wa-semisymmetric, then 

= k\n - ifg 
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and Lot = . ■. -7. Consequently, we have the following: 



M 


Lqt = 






N{k)-contact metric 


i 

¥-'^{n-lY 


k\n-lYg 


Sasakian 


{n - lY 


{n-iYg 


Kenmotsu 


1 

(-l)^-i(n- 1)^ 


(-l)'(n - IY9 


(e) -Sasakian 


i 

ieY-^(ri - lY 


{eY{n - lYg 


para-Sasakian 


i 

(-l)^-i(n-l)^ 


{-lY{n-lYg 


(e) -para-Sasakian 


(sY-Hn-iY 


{-eY{n-lYg 



Corollary 5.37 Let M he an n- dimensional {R, W3, S) -pseudosymmetric (iV(fc), ^)-semi-Riemannian man- 
ifold. If M is not W^-semisymmetric, then M is an Einstein manifold with scalar curvature kn(n — 1) and 

Ls = 7. Consequently, we have the following: 

n — 1 



M 


Ls = 


5 = 


N{k)-contact metric 


i 

n — 1 


k{n - l)g 


Sasakian 


i 

n — 1 


in - 1)5 


Kenmotsu 


i 

n — 1 


- (n - l)g 


{e) -Sasakian 


i 

n — 1 


e{n - l)g 


para-Sasakian 


i 

n — 1 


- (n - l)g 


{::)-p(ir(i-S(i:iti.ki(in 


i 

n. - 1 


- :(» - 1),'7 



Corollary 5.38 Let M he an n-dim,ensional [R, W4, S^) -pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not W4-semisymmetric, then 

LstS^+'^ = k{n - l)LsiS^ + kS - k^{n - l)g. 

Consequently, we have the following: 



M 


Ls>.S'+^ = 


N{k)-contact metric 


k{n - l)LsiS^ + kS- k\n - l)g 


Sasakian 


{n-l)LstS' + S -{n-l)g 


Kenmotsu 


-{n - l)Lst.S'' - S - {n - l)g 


(e) -Sasakian 


e{n - l)Ls> S'- + eS - {n - l)g 


para-Sasakian 


-{n - IjLgiS'^ - S -{n- l)g 


(e) -para-Sasakian 


-e{n - l)LseS'' -sS-{n- l)g 



Corollary 5.39 Let M he an n- dimensional {R, W4, S) -pseudosymmetric {N{k),£)-semi-Riemannian man- 
ifold. If M is not WA-semisymmetric, then 

LgS'^ = k{{n- l)Ls + 1)5- k'^{n - l)g. 
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Consequently, we have the following: 



M 


LsS'' = 


N{k)-(:on lucL nicLri.c 


k{(n - l)Ls + l)S-k-{n - l)g 


Sasakian 


{{n - l)Ls + 1) S - {n - l)g 


Kenmotsu 


- {{n-l)Ls + l)S-{n-l)g 


(e) -Sasakian 


siin-l)Ls-hl)S-in-l)g 


para-Sasakian 


- {{n-l)Ls + l)S~{n-l)g 


(e) -para-Sasakian 


-e{{n-l)Ls + l)S-{n-l)g 



Corollary 5.40 Let M be an n-dimensional {R, W5, S^)-pseudosymmet'ric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not W^-semisymmetric, then either 

S = k{n-l)g 

or Lae = , ■ ^ ,^ r-T. Consequently, we have the following: 

k'^~^{n — 1)* 



M 


Lse = 


S = 


N{k)- contact metric 


i 

k^-i{n-lY 


k{n- l)g 


Sasakian 


{n - If 


in - l)g 


Kc'irmof.'m 


i 

{-ly-^in-iy 


-(r,-l)g 


(s) -Sasakian 




e{n - l)g 


para-Sasakian 


(-l)^-i(n-l)^ 


-{n - l)g 


(e) -para-Sasakian 


{-eY-^{n-lY 


-e{n- l)g 



Corollary 5.41 Let M be an n-dimensional {R, Ws, S)-pseudosymmetric (N{k),^)-semi-Riemannian man- 
ifold. If M is not Wd-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 

Ls = . Consequently, we have the following: 

n — 1 



M 


Ls = 


S = 


N{k)-contact metric 


1 

n-l 


kin - l)g 


Sasakian 


1 

n-l 


[n - 1)9 


Kenmotsu 


i 

n-l 


- (n - l)g 


{e)-Sasakian 


i 

n-l 


e{n — l)g 


para-Sasakian 


1 

n-l 


- [n - l)g 


(e) -para-Sasakian 


1 

n-l 


— e{n — l)g 



Corollary 5.42 Let M be an n-dimensional {R, We, S^)-pseudosymmetric {N{k),$,)-semi-Riemannian man- 
ifold. If M is not We-semisymmetric, then 

[n - l)LsiS^ = (1 - k^-\n - lYLsi)S + {2k%n - lY^^Lg^ - k{n - l))g. 

Consequently, we have the following: 



M 


[n - l)LsiS^ = 


N{k)-contact metric 


(1 - k'-'{n - lYLse)S + (2fc*(n - lY+'Lge - kin - l))g 


Sasakian 


(1 - k'-'in - lYLsi)S + i2¥in - l)^+^Ls. - - l))q 


Kenmotsu 


(1 - k'-'in - lYLs'^)S + i2k\n - lY^'Lg^ - kin - l))g 


[e) -Sasakian 


(1 - fc^-^(n - lYLst)S + (2fc*(n - lY+^Lge - kin - l))g 


para-Sasakian 


(1 - k'-'in - lYLsi)S + (2fc'^(n - - fc(n - l))g 


(e) -para-Sasakian 


(1 - k'-'in - lYLse)S + i2k'in - lY+'Lge - kin - \))g 
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Corollary 5.43 Let M be an n- dimensional {R, Wq, S) -pseudo symmetric (N{k), S,)-semi-Riemannian man- 
ifold. If M is not We-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 

Lg = —. -T. Consequently, we have the following: 



M 


Ls = 


S = 


N{k)-contact metric 


i 

2(n-l) 


k{n - l)g 


Sasakian 


2(n-l) 


{n - l)g 


Kenmotsu 


1 

2(n-l) 


-in- l)g 


{e) -Sasakian 


2(n-l) 


e(n - 1)5 


para- Sasakian 


2(n-l) 


- (n - 1)5 


(e) -para- Sasakian 


2{n-l) 


-s{n- l)g 



Corollary 5.44 Let M be an n-dimensional (R, Wr, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not Wr-semisymmetric, then 

{n - l)LseS^ = (1 - k^-\n - iYLsi)S + {2k\n - lY+^Lgi - k{n - l))g. 

Consequently, we have the following: 



M 


{n-l)LsiS'' = 


N{k)-contact metric 


(1 - k'-'{n - lYLs^)S + {2k\n - lY+^Lgi - k{n - l))g 


Sasakian 


(1 - (n - lYLse)S + (2(n - lY^'Lgt - {n - l))g 


Kenmotsu 


(1 _ - lYLse)S + {2{-lY{n - ly+'Ls. + (n - l))g 


(e) -Sasakian 


(1 - (sY-'in - lYLse)S + {2{eY{n - lY+'Lge - e{n - l))g 


para-Sasakian 


(1 - {-lY-'{n - lYLs^)S + {2{-lY{n - lY^'Lgi + (n - l))g 


(e) -para-Sasakian 


(1 - {-eY-'{n - lYLs^)S + {2{-sY{n - lY+'Lge + e{n - l))g 



Corollary 5.45 Let M be an n-dimensional {R,Wt ,S)-pseudosymmetric {N(k),£)-semi-Riemannian man- 
ifold. If M is not Wr-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 

Ls = —, TT. Consequently, we have the following: 



M 


Ls = 


S = 


N{k)-contact metric 


1 

2(n-l) 


k{n- l)g 


Sasakian 


2(n-l) 


{n - l)g 


Kenmotsu 


2{n-l) 


-in -1)9 


(s) -Sasakian 


1 

2(n-l) 


e(n - l)g 


para-Sasakian 


1 

2(n-l) 


- (n - 1)5 


(e) -para-Sasakian 


2(n-l) 


-s{n- l)g 



Corollary 5.46 Let M be an n-dimensional {R, Ws, S^)-pseudosymmetric {N{k),S,)-semi-Riemannian man- 
ifold. If M is not Ws-semisymmetric, then 

= k\n - iYq 
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and Lot = . ■. -7. Consequently, we have the following: 



M 


Ls' = 


S' = 


N{k)-contact metric 


i 

k^-^{n-lY 


k^{n — lYg 


Sasakian 


1 

(n - 1)^ 


{n - lYg 


Kenmotsu 


(-l)^-i(n-l)^ 


{-lYin-iYg 


(e) -Sasakian 


(eY-Hn-iy 


{sYin - lYg 


para- Sasakian 


i 

(-l)^-i(n-l)^ 


(-l)'(n - 1Y9 


(s) -para- Sasakian 


{-eY-^{n-lY 


{-sYin-iYg 



Corollary 5.47 Let M be an n- dimensional [R, Ws, S)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. If M is not Wa-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n— 1) and 

Ls = . Consequently, we have the following: 

n — 1 



M 


Ls = 


S = 


N{k)-contact metric 


i 

n — 1 


k{n - l)g 


Sasakian 


i 

n — 1 


{n - i)g 


Kenmotsu 


i 

n — 1 


- (n - l)g 


(e) -Sasakian 


i 

n — 1 


e{n - l)g 


para-Sasakian 


i 

n — 1 


- (n - l)g 


[r] -pd rii-S<ts(tJ:i(] 11 


i 

/). - 1 


- :(» - D/y 



Corollary 5.48 Let M be an n-dimensional {R, Wg, S^)-pseudosymmetric {N (k) , ^) -semi-Riemannian man- 
ifold. If M is not Wg-semisymmetric, then 

= k^{n - lYg 

and Lge = f_-,,^ — rrj- Consequently, we have the following: 



M 


Lsi = 


S'^= 


N{k)- contact metric 


1 

k^-Hn-lY 


k^in^lYg 


Sasakian 


{n - lY 


{n - lYg 


Kernnotsu 


i 

{-ly-Hn-iy 


i-lY(n - lYg 


(e) -Sasakian 


(eY-Hn-lY 


(£)^(n — lYg 


para-Sasakian 


{-lY-Hn-iY 


{-lY(n-lYg 


(e) -para-Sasakian 


i-sY-Hn-iY 


{—eY{n — lYg 



Corollary 5.49 Let M be an n-dimensional {R, Wg, S)-pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. If M is not Wg-semisymmetric, then M is an Einstein manifold with scalar curvature kn{n — 1) and 
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Ls = 



n-l 



. Consequently, we have the following: 



M 



N{k)-contact metric 



n-l 
— I — 



k{n - l)g 



Sasakian 



n — 1 
1 



{n ~ l)g 



Kenmotsu 



n — 1 
1 



{e) -Sasakian 



n — 1 



e{n- l)g 



para-Sasakian 



n-l 
— I — 



- (n - l)g 



(e) -para-Sasakian 



n-l 



-s{n-l)g 



6 {%, 57^)-pseudosymmetry 

In this section, wc determine the results for an n-dimensional (A'^(A;), ^)-semi-Riemannian manifold satisfy 



Definition 6.1 A semi-Riemannian manifold is said to be (TJi, S'7-^)-pseudosymmetric if 

%■ St^= LQ{g,S%), 



(6.1) 



where L is some smooth function defined on M. In particular, it is said to be {R ■ )-pseudosymmetric if 
it satisfies 



R-Sr^=LQ{g,STj, 

holds on the set U = ■l^x € M : ( Sr<, — — ^— ^5 j 7^ o|, where L is some function defined on U. 



(6.2) 



Remark 6.2 If in (6.2), Sr^ is replaced by S then it is said to be Ricci-pseudosymmetric. 

Theorem 6.3 Let M be an n-dimensional {%, Sji)-pseudosymmetric {N{k),^)- semi-Riemannian manifold. 
Then 

sa5{bo + nbi + 62 + 63 + 65 + be)S'^{Y, U) 
+ {e{bo + nbi + 62 + ^3 + &5 + h)x 
{—kao + k{n — l)ai + k{n — 1)02 — ajr) 

+ e(ai + a^){b^r + (n - l)byr)} S{Y, U) 
+ {ek{n — l)(a2 + a4){b4,r + (n - l)b^r) 

+ sk{n - l)(6o + nbi + 62 + &3 + 65 + ba) x 
{kao + k{n — 1)04 + a-jr)} g{Y, U) 
+ k{n - l)(ai + 02 + 2a3 + 04 + 05 + 2aQ) x 
{b^T + (n — l)b'jr 

+ k{n - l)(6o + nhi + 62 + h + 65 + fee)} v{Y)v{U) 
= L{bo + nbi + &2 + &3 + 65 + be){ek{n - l)g{Y, U) - eS{Y, U)). 



In particular, if M is an n-dimensional {%, Sj-^)-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
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then 



£05(00 + nai + (12 + 0.3 + 05 + aQ)S'^{Y, U) 
+ {e{ao + nai + 02 + 03 + as + oe) x 
(—/cap + fc(n — l)ai + k{n — l)a2 — a-jr) 

+ e(ai + a5)(a4r + (n - l)a7r)} 5(y, ?7) 
+ {ek{n — l)(a2 + a4)(a4r + (n — l)a7r) 

+ efc(r7. - l)(no + nai + 02 + 03 + 05 + ag) x 
(fcflo + A:(n - 1)04 + a-jr)} g{Y, U) 
+ k{n — l)(ai + 02 + 2a3 + a4 + 05 + 205) 
{a4r + (n — l)a7r 

+ sk{n - l)(ao + nai + 02 + as + 05 + oe)} r]{Y)i]{U) 
= L{ao + nai + a2 + as + 05 + ae){sk{n - l)g{Y, U) - eS{Y, U)). 

Proof. Let M be an n-dimensional C^, S'7-J-pseudosymnietric (A^(/;;), ^)-senii-Riemannian manifold. Then 

Ta{X, Y) ■ Sr,{U, V) = LQ{g, Sr,){U, V; X, Y). (6.3) 

Taking X = ^ = V in (6.3), we have 

Ta{^, Y) . StM = LQ{g, Sr,){U, ^; ^, Y), 

which gives 



StM^,Y)U,0 + SrjU,Ta(iX)0 
= L{STM^Y)U,0 + STMi^/^Y)0). 

Using (3.1), (3.23), (3.30), (3.31), (3.35) and (3.36) in (6.4), we get the result. 



(6.4) 



Theorem 6.4 Let M be an n-dimensional {%, S)-pseudosym,m,etric {N{k),^)-semi-Riemannian manifold. 
Then 

ens 52 (y, U)-E S{Y, U) - Fg{Y, U) - Gr]{Y)r] {U) 
= L{ek{n-l)g{Y,U)-eS{Y,U)), 

where 

E = e {kao + a-jr — k{n — l)ai — k{n — l)a2), 
F = — ek{n — l)(fcao + k{n — l)a4 + ajr), 
G = — k'^{n — l)^(ai + a2 + 2as + a4 + 05 + 2a6). 
In view of Theorem 6.4, we have the following 

Corollary 6.5 Let M be an n-dimensional Ricci-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
Then we have the following table: 



M 


L = 


S = 


N{k)-contact metric 


k 


k{n - l)g 


Sasakian 


1 


(n - l)g 


Kenmotsu 


- 1 


~{n- l)g 


{e)-Sasakian 


e 


e{n - l)g 


para-Sasakian 


- 1 


- (n - 1)5 


(e) -para-Sasakian 


— e 


-e(n- l)g 
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Corollary 6.6 Let M he an n- dimensional {Ci,, S)-pseudosymmetric {N{k),S^)-semi-Riemannian manifold. 
Then we have the following table: 



M 



N{k)-contact metric 



Sasakian 



Kenmotsu 



(e) -Sasakian 



para-Sasakian 



(e) -para-Sasakian 



5^ 



k - 
+k{n - 1) 



n{n — 1)/ 0,1 
r 



ao 2r L 



n ai 
ao 



I , +k{n^l)- — -—]g 
n(n — I) J ai n a\ j 



1 



+ (n-l) 1 



ao 2r L 

n{n — 1) J ai n ai 
r 



/ r\ I ^("-1) 

n(n — 1) / ai n ai/ 



1 + 



+(n-l) 1 + 



n(n — 1) J ai n a\ j 

— ]^-\-{n-l) + — + — ]g 

nyn — 1) / ai n ai / 
VV n{n - 1) y flj n ai/ 



1 + ^— I — + — + — IS 

n(n — 1) / ai n ai 



+ (n-l) 1 + 



n(n — 1) / ai n ai. 



1 + 



er 



n(n — 1)/ fli n oi 



+£(n - 1) £ + 



ao / ,x 2r L , 
nyn — I) / ai n ai ' 



Corollary 6.7 Let M be an n-dimensional {C, S)-pseudosymmetric {N(k),£,)-semi-Riemannian manifold. 
Then we have the following table: 



M 



N{k)-contact metric 



n-l 



+ {k-L){n-2)) S -k{r- {L{n - 2) + k) {n - l))g 



Sasakian 



- + (1 - L) (n - 2) 1 5 - (r - (L(n - 2) + 1) (n - l))^ 



Kenmotsu 



n- 1 



(1 + L) (n - 2) 5 + (r - (L(n - 2) - 1) (n - l))^ 



(e) -Sasakian 



n — 1 



+ {e- L){n-2)]S - e(r - {L{n - 2) + e) (n - l)).g 



para-Sasakian 



n-l 



- (1 + L) (n - 2) + l(r - (i(n - 2) - 1) (n - 



(e) -para-Sasakian 



n-l 



(e + i) (n - 2) 5 + e{r - {L{n - 2) - e) (n - l))^ 



Corollary 6.8 Let M be an n-dimensional {£, S)-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
Then we have the following table: 



M 


s-' = 


N{k)-contact metric 


{n-2){k- L)S k{n - l){k + {n- 2)L)g 


Sasakian 


{n-2){l- L)S +{n- 1)(1 + (n - 2)L)g 


Kenmotsu 


- (n - 2) (1 + L) 5 - (n - 1)(-1 + (n - 2.)L)g 


(e) -Sasakian 


{n-2){e-L)S + e{n - l){e + (n - 2)L)g 


para-Sasakian 


- (n - 2) (1 + L) 5 - (n - 1)(-1 + (n - 2)L)g 


(e) -para-Sasakian 


-{n-2){e + L)S- e{n - !)(-£ + (n - 2)L)g 
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Corollary 6.9 Let M he an n- dimensional (V, S)-pseudosymmetric {N{k),S,)-semi-Riemannian manifold. 
Then we have the following table: 



M 


L = 


5 = 


i\ i-cOfHaci ifbeii tc 


n(n — 1) 


Kyn — i)g 


Sasakian 


1 

n(n — 1) 


{n - l)g 


Kenmotsu 


1 ^ 
n(n — 1) 


-{n- l)g 


(e) -Sasakian 


n(n — 1) 


e{n- l)g 


para-Sasakian 


1 

n(n — 1) 


- (n - 1)5 


(e) -para-Sasakian 


n{n — 1) 


-e{n- l)g 



Corollary 6.10 Let M be an n-dimensional {V*, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


L = 


S = 


N{k)-contact metric 




n{n-l)) 


r 

ao ai 

n 


k{n - l)g 


Sasakian 




(l 

\ n{n - 1) ) 


r 

ao ai 

n 


{n - 1)5 


Kenmotsu 




(-1- ^ ] 
{ n{n-l)J 


r 

ao ai 

n 


- (n - 1)5 


(e) -Sasakian 




\ n{n-l)) 


r 

ao tti 

n 


e{n- l)g 


para-Sasakian 




[ n{n 


ao - -ai 

n 


- (n - 1)5 


(e) -para-Sasakian 




[ ^ n(n-l)J 


ao - -ai 
n 


-e(n- 1)5 



Corollary 6.11 Let M be an n-dimensional {V, S)-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
Then we have the following table: 



M 


L = 


5* = 


N{k)-contact metric 


k 


k{n - l)g 


Sasakian 


1 


(n - l)g 


Kenmotsu 


- 1 


- (n - l).g 


{e)-Sasakian 


£ 


e{n — l)g 


para-Sasakian 


-1 


- (n - 1)5 


(e) -para-Sasakian 


— £ 


-s{n- l)g 



Corollary 6.12 Let M be an n-dimensional {Ai, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


s-' = 


N{k)-contact metric 


2(n -l){k-L)S- k{n - 1)'' (fc - 2L) g 


Sasakian 


2(n - 1) (1 - L) S-{n~ 1)^ (1 - 2L) g 


Kenmotsu 


- 2{n - 1) (1 + L) 5 - (n - 1)^ (1 + 2L) g 


{e)-Sasakian 


2(n -l){s-L)S- s{n - 1)^ {e - 2L) g 


para-Sasakion 


- 2(n - 1) (1 + L) 5 - (n - 1)^ (1 + 2L) g 


(e) -para-Sasakian 


- 2{n - 1) (£ + L) 5 - e{n - 1)^ (£ + 2L) g 



CoroUciry 6.13 Let M be an n-dimensional (Wq, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then we have the following table: 



M 


S'' = 


N{k)-contact metric 


(n - l){2k - L)S + k{n - 1)^ {L - k) g 


Sasakian 


(n - 1)(2 - L)S + (n - 1)^ (L - 1) g 


Kenmotsu 


- (n - 1)(2 + L)S - (n - 1)^ (L + 1) g 


(e) -Sasakian 


{n - l)(2e - L)S + e{n - 1)^ [L - e) g 


para-Sasakian 


- (n - 1)(2 + L)S - (n - 1)^ {L + l)g 


(s) -para-Sasakian 


- (n - l){2s + L)S - s{n - 1)^ (i + e) 5 



Corollary 6.14 Let M be an n- dimensional {Wq , S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


s-' = 


N{k) -contact metric 


L{n - l)S + k{n - l)^(fc - L)g 


Sasakian 


L{n - 1)5+ (n - 1)^(1 - L)g 


K( riinoL'iii 


L(ii - l)S+[ii - + L)g 


{e)-Sasakian 


L{n-l)S + e{n-l)'^{s - L)g 


para-Sasakian 


L{n-l)S+{n-iy^{l + L)g 


(e) -para-Sasakian 


L{n - 1)5 + e{n - l)^(e + L)g 



Corollary 6.15 Let M be an n-dimensional (Wi, S)-pseudosymmetric {N{k),£^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


L = 


S = 


N{k)-contact metric 


k 


k{n - l)g 


Sasakian 


1 


(n - l)g 


Kenmotsu 


- 1 


-{n- l)g 


{e)-Sasakian 


e 


e{n - l)g 


para-Sasakian 


- 1 


- (n - l)g 


(e) -para-Sasakian 


— e 


-e(n- l)g 



Corollary 6.16 Let M be an n-dimensional {W* , S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


L = 


S = 


N{k)-contact metric 


k 


k{n - l)g 


Sasakian 


1 


[n - l)g 


Kenmotsu 


- 1 


- (n - 1)5 


(e)-Sasakian 


e 


s{n — l)g 


para-Sasakian 


- 1 


- (n - 1)5 


(e) -para-Sasakian 


— £ 


-e{n- 1)5 



Corollary 6.17 Let M be an n-dimensional {yV2, S)-pseudosymmetric (N (k), ^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


s-' = 


N{k)-contact metric 


(n-1) {k-L)S + k{n-lYLg 


Sasakian 


{n-l) {l- L)S +{n- IfLg 


Kenmotsu 


- (n - 1) (1 + L) 5 - (n - IfLg 


{e)-Sasakian 


{n-l){e-L)S + e{n - IfLg 


para-Sasakian 


-(n-1) {l + L)S-{n-lYLg 


(e) -para-Sasakian 


-{n-l)\e + L)S - e(n - IfLg 



CoroUciry 6.18 Let M be an n-dimensional {W3, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then we have the following table: 



M 


L = 


S = 


N{k)-contact metric 


2k 


k{n- l)g 


Sasakian 


2 


in - l)g 


Kenmotsu 


-2 


-in- l)g 


{e) -Sasakian 


2e 


e{n - l)g 


para- Sasakian 


-2 


- (n - l)g 


(s) -para- Sasakian 


-2s 


-s{n- l)g 



Corollary 6.19 Let M be an n- dimensional {Wa, S)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


s-' = 


Nik) -contact metric 


in -l)ik-L)S + kin - 1)^ (L - k) g + ek'^in - l)'^ri (g> rj 


Sasakian 


in - 1) (1 - L) 5 + in - 1)^ (L - 1) g + ein - Ifrj j] 


K( riinol.-iii 


- [II - 1) (1 + L) S - [II - Ij- (L + 1) (J + :[ii - l)-ii : II 


ie)-Sasakian 


in-l)ie- L)S + ein - 1)^ (L - e) 5 + e(n - 1)^77 (g> 77 


para-Sasakian 


- (n - 1) (1 + L) 5 - (n - 1)^ (L + 1) 5 + e{n - 1)^77 (g) rj 


(e) -para-Sasakian 


- (n - 1) (£ + L) S - e{n - 1)^ (L + e) 5 + e(n - 1)^77 (g) 77 



Corollary 6.20 Let M be an n-dimensional (W^, S)-pseudosymmetric iNik),£,)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


s-' = 


Nik)-contact metric 


in - 1) i2k -L)S + kin- 1)^ iL-k)g 


Sasakian 


in - I) i2 - L)S + in- If [l - 1) g 


Kenmotsu 


-in-l){2 + L)S -in- If (L + 1) 5 


ie) -Sasakian 


in - 1) (2e - L) 5 + e(77 - 1)^ iL - e) g 


para-Sasakian 


-in-l)i2 + L)S- in - 1)^ (L + 1) g 


(e) -para-Sasakian 


- (71 - 1) (2£ + L)S + kin- 1)^ iL + e)g 



Corollary 6.21 Let M be an n-dimensional iWe, S)-pseudosymmetric iNik), ^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


Result 


Nik)-contact metric 


(2fc -L)S + kin-l)iL-k)g + k^in - l)-;? Cx) 77 = 


Sasakian 


(2 - L) 5 + (71 - 1) (L - 1) g + (77 - l)ri (g) ,j = 


Kenmotsu 


- (2 + L) 5* - (77 - 1) (L + 1) 5 + (77 - 1)77 ® 77 = 


ie)-Sasakian 


(2e - L) S + ein - 1) iL - e) g -\- ein - 1)77 » 77 = 


para-Sasakian 


- (2 + L) 5 - (77 - 1) (L + 1) 5 + (77 - 1)7/ (g) 77 = 


(e) -para-Sasakian 


- i2e + L)S - sin - 1) (L + e) 5 + £(n - l)r? 77 = 



Corollary 6.22 Let M be an n-dimensional iWr, S)-pseudosymmetric iN ik), ^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


L = 


S = 


Nik)-contact metric 


2k 


kin — l)g 


Sasakian 


2 


in - l)g 


Kenmotsu 


-2 


- (n - l)g 


is) -Sasakian 


2e 


e(" - 1)5 


para-Sasakian 


-2 


- (77 - l)g 


is) -para-Sasakian 


-2s 


-ein - l)g 



CoroUciry 6.23 Let M be an n-dimensional iWs, S)-pseudosymmetric iNik),^)-semi-Riemannian mani- 
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fold. Then we have the following table: 



M 


Result 


N{k)-contact metric 


{2k -L)S + k{n-l){L-k)g- k'^{n - I)?? (g) = 


Sasakian 


(2 - i) 5 + (n - 1) (L - 1) 5 - (n - 1)77 ® 77 = 


Kenmotsu 


- (2 + L) 5* - (n - 1) (L + 1) 5 - (n - l)r/ (g) 77 = 


{e) -Sasakian 


{2s - L) S -\- e{n - I) {L - s) g - e{n - 1)77 (g 77 = 


para-Sasakian 


- (2 + i) S* - (ti - 1) (L + 1) 5 - (n - l)r; (g) 77 = 


(e) -para-Sasakian 


- {2s + L)S - s{n - 1) (L + ff) 5 - £(n - 1)77 77 = 



Corollary 6.24 Let M be an n-dimensional {Wg, S)-pseudosymmetric {N{k),^)-seTni-Riemannian mani- 
fold. Then we have the following table: 



M 


Result 


N{k)-contact metric 


{L-k)S - k{n - l)Lg + k'^{n - 1)77 (g 77 = 


Sasakian 


{L-l)S-{n- l)Lg + (ri - l)r; Cg 77 = 


Kenmotsu 


{L + l)S+{n- l)Lg + (ri - 1)77 Cg 77 = 


{e)- Sasakian 


{L- s)S - e{n - l)Lg + e(7i - 1)77 (g = 


para-Sasakian 


{L + l)S+{n- l)Lg + (n - l)r; g) 77 = 


(e) -para-Sasakian 


{L + e)S + e{n - l)Lg + e{n - l)ri®'n = Q 



Theorem 6.25 Let M be an n-dimensional {R, S'r^)-pseudosymmetric {N{k),£,)-semi-Riemannian mani- 
fold such that 

ao + nai + 02 + as + ^5 + ^6 7^ 0. 
Then M is either Einstein manifold, that is, 

S = k{n-l)g 

or L = k holds on M. Consequently, we have the following table: 



Manifold 


Condition 


S = 


L = 


N{k)-coiiLacL inctri.c 


B-St.. =LQ{!i.Sr..} 


k{n - l)u 


k 


Sasakian 


R-Sr„=LQ{g,SrJ 


{n - l)g 


1 


Kenmotsu 


R-ST^=LQ{g,SrJ 


- (n - 1)5 


- 1 


{e)-Sasakian 


R-Sr^=LQ{g,STj 


- l)^ 


e 


para-Sasakian 


R-Sr^ =LQ{g,SrJ 


- (n - l)g 


- 1 


(e) -para-Sasakian 


R-Sr^=LQ{g,SrJ 


-e{n- l)g 


— e 



Remeirk 6.26 The conclusions of Theorem 6.25 remain true if ^7; is replaced by S. 

CorollEiry 6.27 ([16], [11]) If an n-dimensional Kenmotsu manifold M is Ricci-pseudosymmetric then 
either M is an Einstein manifold with the scalar curvature r = n{l — n) or L = —1 holds on M. 

7 {%, S%, 5^)-pseudosymmetry 

In this section, we determine the result for an n-dimensional (A'^(/;;), ^)-semi-Riemannian manifold satisfy 

Ta-ST,=LQ{S\ST,). 

Definition 7.1 A semi-Riemannian manifold M is called {%, S%, 5^)-pseudosymmetric if 

%■ S% = LQ{S^, S%), 

where L is some smooth function defined on M. In particular, M is said to be {R, 6*7;, 5^)-pseudosymmetric 
if 

R-Sr^ =LQ{S\S%). 
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Theorem 7.2 Let M be an n- dimensional {%, S-j^, S^)-pseudosymmetric {N{k),£,)-semi-Riemannian man- 
ifold. Then 



£05(60 + nbi + 62 + 63 + 65 + b6)S^{Y, U) 
+ {e(6o + nbx + 62 + 63 + &5 + &6)x 
(— fcao + k{n — l)ai + k{n — l)a2 — a^r) 

+ e(ai + a^){bir + {n - l)b^r)} S{Y, U) 
+ {efc(n - l)(a2 + ai){bir + (n - l)67r) 

+ ek{n - l)(6o + n6i + 62 + 63 + 65 + ^e) x 
(fcao + k{n — l)a4 + arr)} g{Y, U) 
+ k{n - l)(ai +a2 + 203 + 04 + 05 + 2a6) x 
{b4r + (n — l)67r 

+ k{n - l){bo + nbi + 62 + &3 + &5 + b6)}r]{Y)r]{U) 
= Le{{bo + nbi + 62 + 63 + 65 + be) x 

- 1)S\Y, U) - k^{n - lfS{Y, U)) 
+ (64 + (n - - [/) - S'{Y, U))). 

In particular, if M be an n-dimensional {%, S%, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian manifold. 
Then 

ea^^ao + nai + 02 + 03 + 05 + aij)S'^{Y, U) 
+ {e(ao + nai + a2 + + + ag) x 
{—kao + k{n — l)ai + k{n — l)a2 — a-jr) 

+ £(ai + ar,){aAr + (n - l)a7r)} S{Y, U) 
+ {ek{n — l)(a2 + a4)(a4r + (n — Vja-jr) 

+ ek{n - l)(ao + noi + 02 + 03 + 05 + ae) x 
(/cflo + — l)a4 + Ayr)} (/(F, [/) 
+ k{n - l)(ai + 02 + 2a3 + 04 + 05 + 2a6) 
{a4r + (n — l)a^r 

+ sk{n - l)(ao + nai + 02 + 03 + 05 + a6)}»7(^)^(f^) 
= Le{{ao + nai + 02 + 03 + 05 + ae) x 
{k{n ~ l)S^iY, U) - k\n - lfS{Y, U)) 
+ (a4 + (n - l)a7)r(fc^(n - lYg{Y, U) - S^{Y, U))). 

Proof. Let M be an n-dimensional C^, 5-^, S'^)-pseudosymmetric (A''(/c),^)-semi-Riemannian manifold. 
Then 

Ta{X, Y) . SrM V) = LQ{S', V; X, Y). (7.1) 

Taking X = ^ = V in (7.1), we have 

Z{^, Y) ■ Sr,{U, = LQ{S\ St,){U, ^; ^, Y), 

which gives 

SrAra{^,Y)u,o + SrMm-y)0 

= L{SrM^s^y)U,0 + S%iU,i^As^Ym). (7.2) 

Using (3.1), (3.28), (3.30), (3.31), (3.35) and (3.36) in (7.2), we get the result. ■ 
For f = 1, we have the following result. 
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Corollary 7.3 Let M be an n-dimensional {%, S-ji, S)-pseudosy'mmetric {N{k),S,)-semi-Riemannian man- 
ifold. Then 



£05(60 + nbi + 62 + 63 + ^5 + b6)S^{Y, U) 
+ {e{ho + nbi + 62 + 63 + 65 + 66)x 
{—kao + k{n — l)a\ + k{n — l)a2 — a^r) 

+ £(ai + a5){hir + (n - 1)67^)} S{Y, U) 
+ {ek{n — l)(a2 + a4)(64r + (n — l)b'jr) 

+ ek{n - l){ho + nbi + 62 + ^3 + ^5 + be) x 
{kao + ^(j^ ^ 1)14 + a?'")} ,9(^1 
+ k{n — l)(ai + a2 + 2a3 + 04 + as + 2a6) x 
{64r + (n — l)67r 

+ fc(n - l)(6o + nbi + ^2 + &3 + + ^e)} ?7(^)??(C^) 
= Ls{b4 + {n- l)br)r{k{n - l)g{Y, U) - S{Y, U)). 

In particular, if M be an n-dimensional S-j^, S)-pseudosymmetric {N{k),^)-semi-Riemannian manifold. 
Then 

£05(00 + nai + 02 + 03 + 05 + 05)5^ (F, U) 
+ {£(ao + nai + 02 + as + 05 + ae) x 
{—kao + k{n — l)ai + k{n — l)a2 — a7r) 

+ £(ai + a5)(a4r + {n - l)a7r)} S{Y, U) 
+ {ek{n — l)(a2 + a4)(a4r + (n — l)a7r) 

+ ek{n - l){ao + nai + 02 + 03 + 05 + ae) x 
{kao + ^(^ — 1)^4 + 0^7'")} g{Y, U) 
+ k{n - l)(ai + a2 + 2a3 + 04 + 05 + 2a6) 
{a4r + (n — l)a7r 

+ £A:(n - l)(oo + nai + 02 + 03 + 05 + ag)} ri{Y)ri{U) 
= Le{a4 + {n- l)ar)r{k{n - l)g{Y, U) - S{Y, U)). 

Theorem 7.4 Let M be an n-dimensional {%, S, S^)-pseudosymmetric {N{k),Q-semi-Riemannian mani- 
fold. Then 

ear, S^{Y, U)-E S{Y, U) - Fg{Y, U) - Gri{Y)r] {U) 
= eL{k{n - 1)S\Y, U) - k' {n - lYS{Y, U)), 

where 

E = e {kao + 0,7^ — k{n — l)ai — k{n — 1)02), 
F = — ek{n — l)(A;ao + k{n — 1)04 + a7r), 
G = — k'^{n - l)^(ai + 02 + 2a3 + a4 + 05 + 2a6). 
In view of Theorem 7.4, we have the following 

Corollary 7.5 Let M be an n-dimensional (^R, S, S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then we have the following table: 



M 


LS^= 


N{k)-contact metric 


(Lk^-\n 1)^-1 ^ ]s + kg 


Sasakian 


(L{n-lY-^--^]s + g 


Kenmotsu 


(L{-lY-\n-\Y-^--^]S-g 
\ n-\) 


(e) -Sasakian 


\L{eY-^{n 1)^-1 ^ AS^eg 


para- Sasakian 


[L{-\Y-\n-\Y-^-^\s-g 


(e) -para-Sasakian 


(L{-eY-\n-lY-'-:^)s-eg 



Corollary 7.6 Let M he an n- dimensional {C*,S,S^) -pseudo symmetric {N{k),^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


L{n - 1)S' = 


N(k)-contact metric 




((l- ^ 
V V kn(n — 1 

/ .) 

\ n[n — 1) / 


ao + 


kn 


j ai 




S 


Sasakian 


+("-!)( 


v O n{n - 1) ] 
n(n^l)j 


flO - 

ao + 


2r \ 
— ai -in- IYL 
n J 

[(n-l)-f)«.) 


S 
9 


Kenmotsu 


-(n-l)( 


1+ . -iJ a 

n{n-l)J 

.('+n(n-l)) 


2r 

o + — 

n 

ao + 


ai - (-l)^-i(n 


- 1 

fli 


YL^ 

9 


S 


{e)-Sasakian 


-eaiS'^ - 


V \ n(n — 1) 

V n(n-l)) 


j ao - 

ao + 1 


^^ai — (eY ^(n~ 
n 

Un - 1) - 1) a,^ 


-iYl 


> 


para-Sasakian 


-(n-l)( 


^'+n(n-l))'^ 


2r 

o + — 
n 

ao + 


a, _ (-l)^-i(rz 


- 1 

ai^ 


Yl^ 

9 


s 


(e) -para-Sasakian 


saiS'^ - 
-(n-l)( 


111 '^'^ I 
\ n(ri — 1) / 

.('+n(n-l)) 


ao H ai - {-sY 

n 

ao + (^e{n - 1) + ^ 


(n- 
j ai 


iYl 

> 





CoroUciry 7.7 Let M be an n-dimensional (C,S,S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 
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fold. Then we have the following table: 



M 



+ ^—-k^-\n-lY-^L]s 
n — 1 / 



N{k)-contact metric 



k{n- l)2(n-2) 
n — 1 r 

k 



n-2 {n-l)in-2) J " fc(n-l)(n-2) 



5 + 



Sasakian 



+ 



1 



(n-l)2(n-2) n-1 
1-^ + 



1 



n-2 (n-l)(n-2)y^ (n-l)(Ti-2) 



+ - (-l)^-i(n - IY-^l] S 

n — 1 ) 

r \ 1 „o 



Kenmotsu 



(n- 1)2 (n-2) 

n — 1 r 

-1 r + 



n-2 (n-l)(n-2)y^ (n-l)(n-2) 



{e)-Sasakian 



(n-l)2(n-2) n 
n — 1 r 



n-2 (n- l)(n-2)y (n-l)(n-2) 



-52 



+ ^— - (-iy-\n - 1)^-1^) 5 

n — 1 / 
-.^).- , 



para-Sasakian 



(n- l)2(n-2) 
n-1 



-1 



2 (n-l)(n-2);^ (n-l)(n-2) 



(e) -para-Sasakian 



1 



+ 



(n-l)2(n-2) n-1 
n — 1 r 

-£ ^ + 



n — 2 (n — l)(n-2)y^ (n-l)(n-2) 



Corollary 7.8 Let M be an n- dimensional (C, S, S'')-pseudosymmetric {N{k),£^)-semi-Riemannian mani- 
fold. Then we have the following table: 



M 


LS'-- 




























N(k)-contact metric 




1 






-i(n 


-ly- 






1 




)- 


A: 






k{n - 


-l)(n- 




n 






n — 


2^ 




Sasakian 




1 






-1)^- 




1 




,S' 




1 








(11 - 






;t — 






/) — 








Kenmotsu 




1 








i(n- 


ly- 










)- 


1 




(n 


-l)(n 






n 




n — 


2^ 


{e) -Sasakian 




s 






-i(n 


-1)^- 






1 






£ 






(n- 


l)(n- 




n 






n — 


2^ 




para-Sasakian 




1 




+ ((- 


-1)^- 


i(n- 


1)^- 










)- 


1 




{n 


-l)(n 






n 




n — 


2^ 


(e) -para-Sasakian 




£ 




+ ((- 


-£)^- 


i(n- 


1)^- 










)- 


£ 




(n 


-1K» 


-2)^ 




n 




n — 


2^ 



CoroUciry 7.9 Let M be an n- dimensional (V, S, S^)-pseudosymmetric {N{k),^)-semi-Riemannian mani- 

43 



fold. Then we have the following table: 



M_ 

N{k)-contact metric 



n — 1 kn{n — 1)' 



-k'-'{n-lY-^]S 



n{n — 1) 



Sasakian 



n — 1 n{n — 1)^ 



(n - ly-^ S 



n{n — 1) 



Kenmotsu 



n — 1 n(n — 1)^ 

r 

' 9 



n(n — 1) 



(e) -Sasakian 



1 



er 



n ~ 1 n{n — 1)^ 



-(£)^-i(n- 1)^-1 \S 



para-Sasakian 



1 



n — 1 n{n — 1)^ 



(-l)^-i(n- 1)^-1 15 



(e) -para-Sasakian 



n — 1 n{n — 1) 

r 

n(n — 1) 



Corollary 7.10 Let M be an n- dimensional (V*,S, S^) -pseudosymmetric {N{k), ^)-semi-Riemannian 
if old. Then we have the following table: 



M 



k'-'in-iy-'^s 



N[k)-contact metric 



1 



ao 



n—l fcn(n — 1)2/ kn{n — 1) 

k r^— TT ]ao--ai]g 

n (n — I) J n J 



Sasakian 



1 



ao 7 TT-ai — {n — ly ^ ] S 



n—l n{n — iyj n(n — 1) 

I ^ \ ^ 

L -, 7T ao a-i 

n[n — 1) / n 



Kenmotsu 



1 



n—l ' n{n ~ ly J ^ ' n(n — 1) 

-1 — ■ ao ai 

n(n — 1) / n 



-ai-(-l)^-i(n-l)^-M5 



{e)-Sasakian 



ao--r7^,a,-{ey-Hn-iy-']S 



n—l n{n — ly J n(n — 1) 

r \ r 

e 7 — ■ ao ai 

n(rt — Ij / n 



para-Sasakian 



1 



ao + ^^ai-(-l)^-Hn-l)^-M5 



n—l n{n — ly J n(n — 1) 

-1 7 TT ao ai 

n(n — 1) / n 



(e) -para-Sasakian 



^ ^'^ ^ ao + rTT^^ai - (-e)^-i (n - 1)^-^ ) 5 



n—l n{n — ly J n(n — 1) 

r \ r 

-e 7 7T ao ai 

n(n — 1) / n 
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Corollary 7.11 Let M he an n- dimensional (V, S, S^)-pseudosymmetric {N(k),£)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N{k)-contact metric 


(^k^-\n ly-^L ^ ^^S + kg 


Sasakian 


(in-lY-'L-^)s + g 


Kenmotsu 


(i-lY-^in-lY-^L-^)s-g 
V n-lj 


(e) -Sasakian 


({eY-Hn ly-^L ^ ]s + eg 
\ n~lj 


para- Sasakian 


[{-lY-Hn-lY-'L-^]S-g 


(s) -para- Sasakian 


U eY-\n lY-^L ^ \s eg 



Corollary 7.12 Let M be an n- dimensional (^M., S, S^) -pseudosymmetric {N{k),£,)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS' = 


N{k)-contact metric 


2fc(n-l)2 






Sasakian 


2(n-l)2 ^ V 


L(„_l)^-i_ 1 U + 
n — 1 / 


1 

2^ 




Kenmotsu 


' S^ + 


(l( lY-\n 1)^-1 
V 


1 ^ 




(s) -Sasakian 


2(n-l)2^ +( 


L{eY-\n 1)^-1 ^ 

n — 1 J 




para- Sasakian 


1 c-2 1 

2(n-l)2'^ 


(l{ lY'Hn 1)^-' 

\ n - 


I ^ 
- 1 I 


'-\' 


(e) -para- Sasakian 


2(n-l)2'^ ^ 


(l{ eY~'{n 1)^-1 ^ ] 
\ n — lj 





CoroUciry 7.13 Let M be an n-dimensional (Wo) S, S^) -pseudosymmetric {N (k) , ^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N{k)-contact metric 


k{n-lY^ 


(k^-^n lY-'L ^ ) 


S + kg 


Sasakian 


in-iy' ' ( 


{n-lY-'L-^)s + g 
n — 1 J 


Kenmotsu 


' S^ + 




S-g 


(e) -Sasakian 


in-lY' ' ( 


{eY-\n lY-^L ^ ^ 
n — 1 y 


iS + eg 


para-Sasakian 


1 C2 1 




S-g 


(e) -para-Sasakian 




{{-eY-\n-lY-'L--^^ 


S-eg 



CoroUciry 7.14 LetM be an n-dimensional (Wq,S,S^) -pseudosymmetric {N{k),^)-semi-Riemannian man- 
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if old. Then we have the following table: 



M 


LS' = 


N{k)-contact metric 


If ^ vvi^^ + k^'^i^ ly-'LS + kg 

k(n — ly 


Sasakian 




Kenmotsu 


_^52 + (-l)^-i(n-l)^-iL5-5 


{e)-Sasakian 


- J^^^S^ + {^f-^n - ly-'LS + eg 


para-Sasakian 


^-±^S' + (-iy-^n-iy-^LS-g 


{e) -para-Sasakian 


+ {-ey~Hn - ly-'LS - eg 



Corollary 7.15 Let M be an n- dimensional (Wi, S, S^) -pseudosymmetric {N (k) , ^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N{k)-contact metric 




(^fc^-i(n ly-^L ^ ^S-\-kg 


Sasakian 




({n ly-^L ^ As+g 
\ n — 1 J 


Kenmotsu 




({ iy-\n ly-'L ^ ] 

\ n — 1 J 


S-9 


(e) -Sasakian 




' {ey-^(n - ly-^L - ^) 5 + ^5 


para-Sasakian 




f( iy-\n ly-'L ^ ] 

\ n — 1 ) 


S-g 


(e) -para-Sasakian 




{{ ey-\n ly-^L ^ \ 

\ n — 1 J 


S-eg 



Corollary 7.16 Let M be an n-dimensional (W^ , S, S'') -pseudosymmetric {N{k),^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N{k)-contact metric 


ik^-\n ly-^L ^ ]s + kg 
\ n-lj 


Sasakian 


({n-iy-^L-^)s + g 


Kenmotsu 


({-iy-^n-iy-^L-^)s-g 


{e) -Sasakian 


(^iey-\n - ly-^L - ^ j S + eg 


para-Sasakian 


({-iy-Hn-lY-'L-^)s^g 
\ n—ll 


(e) -para-Sasakian 


[{-ey-\n-iy-^L--^S-eg 



CoroUciry 7.17 Let M be an n-dimensional (W2, S, S^) -pseudosymmetric {N{k),^)-semi-Riemannian man- 
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if old. Then we have the following table: 



M 


LS'= 


N[k)-contact metric 


fc(n-l)2'^ ' 




S 


Sasakian 


(n-iy' ' ( 




Kenmotsu 


(n-l)2^ + 


[i-iy-'in-iy-^L-- 




s 


(e) -Sasakian 




n — 1 y 




para-Sasakian 




(( lf-\n ly-'L 

\ n - 


1 \ 

-l) 


s 


{e)-pam-Srisrik'i(i/ii 




(,-_->'-.,„-, r-i- /J 


s 



Corollary 7.18 Let M be an n-dimensional (W3, S, S^) -pseudosymmetric {N{k),^)-sem.i-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N(k)-contact metric 


{k'-\n ly-^L ^ As + 2kg 
\ n — 1 / 


Sasdkicni 


-X '1-U. 


Kenmotsu 


(( ly-Hn ly-'L \)S 2g 
\ n — 1 J 


(e) -Sasakian 


i{ey-\n ly-^L ^ \s + 2eg 
\ n — 1 J 


para-Sasakian 


U^iy-^n - ly-^L - ^ j S-2g 


(e) -para-Sasakian 


({ sy-^n ly-^L ^ \s 2eg 



Corollary 7.19 Let M be an n-dimensional (W4, S^) -pseudosymmetric {N[k), ^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N(k) -co I) fact ri) cfric 






S + kfi — ckij r/ 


Sasakian 


in-iy' ' ( 


{n-iy-^L 1^] S + g-r](8)V 

n — 1 / 


Kenmotsu 




(( iy-\n ly-^L 


1 ^ 


S - g-\-ri®ri 


{e)-Sasakian 


(n-l)2^ + ( 


{sy-\n ly-^L ^ 

n — 1 J 


S -\- eg - T] <S: T] 


para-Sasakian 


(n-l)2 


( ( iy-\n ly-^L 


1 ^ 
- 1 J 


S - g -\-r]®r] 


(e) -para-Sasakian 




({ ey-\n ly-^L ^ ] 

\ n — 1 / 


S - £g-\-T]®T] 



CoroUciry 7.20 Let M be an n-dimensional (W5, S, S^) -pseudosymmetric {N{k),^)-semi-Riemannian man- 
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if old. Then we have the following table: 



M 


LS'= 


N[k)-contact metric 


^ S'+( 
fc(n-l)2 ^ 1, 




S + kg 


Sasakian 


(n - 1)2 


(' 


n ly-'L ^ ] 
n — I J 


S + g 


Kenmotsu 


1 C2 




^^{-iy-\n - ly-H 








n - 


- 1 J 


(e) -Sasakian 


(n-l)2^ + 






Veg 


para-Sasakian 




U-iy~\n-iy-^L 


n-l) 


S-9 


(L]-paT(i-Srisrik'i(m 


{n-iy 




2 \ 

n-l) 


S - rr/ 



Corollary 7.21 Let M be an n-dimensional (We, S, S^) -pseudosymmetric {N{k),^)-sem.i-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N(k)-contact metric 




k^-^{n - ly-^L ^ ) S + kg + krj^rj 

\ n — 1 J 






) . 'i—U. ^ 


h J) 7] 


Kenmotsu 




[( iy-\n ly-'L ^ ] 

\ n — 1 J 


S - g-r)®r] 


{e) -Sasakian 




({ey-\n ly-^L ^ ] S + eg + er](^r] 
\ n — 1 J 


para-Sasakian 




( ( iy-'{n ly-^L ^ ^ ] 

\ n — l I 


S- g-ri®ri 


(e) -para-Sasakian 




{{ ey-\n ly-^L ^ ] 

\ n — 1 J 


S ~ eg — ET] ® r] 



Corollary 7.22 Let M be an n-dimensional (W?, 5*, S*^) -pseudosymmetric {N[k), ^)-semi-Riemannian man- 
ifold. Then we have the following table: 



M 


LS'= 


N^(k)-coritact rucfric 


f ly-'L ^ ]s + 2k<j 
V n-Lj 


Sasakian 


((n ly-^L ^ I 5 + 25 
\ n — 1 / 


Kenmotsu 


(^{ ly-^n ly-^L ^S 2g 


{e)-Sasakian 


(iey-\n ly-^L ^ ]s + 2eg 
\ n — 1 J 


para-Sasakian 


({ ly-Hn ly-^L \s 2g 


(e) -para-Sasakian 


i{ ey-\n ly-^L ^ \s 2eg 



CoroUciry 7.23 Let M be an n-dimensional (Wg, •S', S^) -pseudosymmetric {N{k),^)-semi-Riemannian man- 
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if old. Then we have the following table: 



M 


LS' = 


N(k)-contact metric 




[ik^-^in 1)^-1 ^S + kg + k-ndir] 


Sasakian 




' L{n-lY-^ - S + kg + r]^r] 


Kenmotsu 




( L{ lY-\n 1)^-1 ^ ^ ] 
\ n — 1 J 


S -\- kg - r] (S> r] 


{e)-Sasakian 




' L{sY-\n - 1)^-1 - -^^^ S + kg + 1)^7] 


para-Sasakian 




{l{ l)^-i(n 1)^-1 ^ \ 
V n — 1 ) 


S kg — r] ^r] 


(e) -para-Sasakian 




{l{ eY-\n 1)^-1 ^ 1 
V n — 1 J 


S -\-kg — rj®rj 



Corollary 7.24 Let M be an ri-dirnensional [Wg, S, S^)-pseudosyrnrnetric {N{k),^)-serni-Rie'mannian rnan- 
ifold. Then we have the following table: 



M 


LS' = 


N{k)-contact metric 




[y^^in If-^L ^ ^\s + k7)®r] 
\ n-lj 


Sasakian 




{ri-iy-'^L ^]s + Tj(^r] 

\ n — 1 J 


Kenmotsu 




{{ iy-\n ly-'L ^ ] 

\ n — 1 J 


S -r]'E)V 


(e) -Sasakian 




\ n — 1 / 


para-Sasakian 




( ( iy-^(n ly-^L ^ \ 

V n — 1 ) 


S -rfi^ri 


(e) -para-Sasakian 




{{ ey-\n ly-^L ^ ] 

\ n — 1 / 


S -r](E)r} 



Remeirk 7.25 If in the Theorem 7.4, we take M be an n- dimensional {%, S, 5)-pseudosymmetric {N{k), ^)- 
semi-Riemannian manifold. Then the result is same as given in [28, Theorem 7.6]. 

Corollary 7.26 Let M be an n-dimensional [R, Sj-^, S^)-pseudosymmetric {N{k), ^)-semi-Riemannian man- 
ifold. Then 

(oo + na\ + a2 + as + 05 + ae) x 

{Lk{n - l)S^ - Lk^{n - 1)^5' kS - k'^{n - l)g) 
= Lr{a4 + {n-l)ar){S'^ -k'^{n-iyg). 
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